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Abstract: Aeroponic is the method of cultivating plants inside a conditioned air
environment without the use of soil or water medium. This method grows plants
suspended in a closed... View more

Metadata
Abstract:
Aeroponic is the method of cultivating plants inside a conditioned air environment
without the use of soil or water medium. This method grows plants suspended in a
closed or semi-closed environment (chamber) by spraying the plant's dangling roots and
lower stems with nutrient-rich solution. Under this circumstances, controlled
environment has a strong potential to improve plants' developmental stages, health, and
growth. In the recent decade, aeroponic system is applied intensively for the purpose of
growing potato in order to produce disease-free potato seed and in order to have a
pesticides-free cultivation environment. It is also predicted that the aeroponic method
will be able to lower potato farmers' cost of operation and increase their yields. A
monitoring and control system intended for water and nutrients distribution has been
designed to support the optimal application of aeroponic cultivation system for seed-
potatoes production. The monitoring system was used to monitor the chamber's
parameters such as temperature and humidity. meanwhile, the control system was used
to manage actuators in delivering water and nutrients. Temperature and humidity data
will be displayed on the LCD and be transmitted to computer to facilitate easier
monitoring on the plant growing chamber. The overall system has been designed and
implemented to receive user-defined setting points by using the keypad. Microcontroller
system will automatically regulate actuators for distribution of water (pump and nozzle)
and distribution of nutrients (ultrasonic mist maker, fan, and pump). The pH
measurement results at various points showed that the nutrient (pH = 5.8) were
successfully spread inside the growing chamber. The average measured-temperature
Wd humigity of growing chamber during the water and nutrients delivery process are
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SECTION I.
Introduction

World Data Products Commodity FAO in 2007 shows that Indonesia is
in third place in rice and cassava productions, but did not make the rank
in the Top 20 for potato.

TABLE I WORLD COMMODITY PRODUCTS FAO 2007 FOR INDONESIA

Commodity Production Value Top
(MT) (x $ 1000) 20

Rice 659.590.623 130.994.000 3
Wheat 605.994.942 72.917.380 -
Potato 309.344.247 34.821.630 -
Cassava 214.515.149 14.051.950 3

Source : http/f/www.fao.org
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In Indonesia, however, potato research has been carried out intensively
in Vegetable Research Institute (Balitsa), Horticulture Research and
Development Center, Ministry of Agriculture, in collaboration with the
International Potato Center (CIP). CIP headquarters is in Lima, Peru,
with several regional offices located in Indonesia, India, and Kenya.
Since 1992, Indonesia has become the Regional Office for East,
Southeast Asia and the Pacific (ESEAP).

In the research area in Lembang, there are greenhouse facilities used for
breeding and development of new varieties of potato plants. The
problem faced is the complexity of monitoring, the arrangement of
equipment, controls, and the huge cost involved in operating a
greenhouse system.

One of the urgent need in cultivation of potato, which is the third most
important staple food in the world after rice and wheat, is the quality of
potato seeds. One technique to increase the production of potatoes,
especially potato seeds, recently developed intensively by researchers in
the world is an aeroponic system [1] adopted from NASA research. This
system shows a number of advantages and a better prospect in
encouraging the production of potato in a more efficient, hygienic, and
cost-effective. Aeroponic systems have the potential to outperform
conventional methods (medium soil), especially in seed production
followed by a potato seed cultivation in the fields. By comparison, with
the conventional system, a single potato plant can produce
approximately 8 bulbs, while in the aeroponic system, up to 70 bulbs can
be produced. This technique was also able to reduce production costs
and improved the healthcare of quality potatoes from the first
generation of field production. One previous study [2] concluded that
the aeroponic system is the best system to produce potato seed GO
(generation zero). Aeroponic system has proven its ability to increase
production of potato tubers up to tentimes more compared to other
systems, namely non-circulating solution-culture system and soil-less
growth medium system.

One solution to solve the problems of monitoring and controlling the
growing conditions in the space environment to grow potatoes is by
applying a number of sensors that can detect and monitor a number of
parameters such as temperature, humidity, light intensity, O, and CO,,
levels, direction and wind speed, etc. Aside of the sensors, there is also a
requirement for the actuators to distribute nutrients and waters to
potato roots or lower stems.

SECTION II.
Aeroponic System

Precision farming is an agricultural management in a modern concept
that aims to control inputs and processes in agricultural activities to
obtain optimum production, sustainable and profitable. Keywords
appropriate for precision farming are [3]:

e exact dose
e exact time
e exact location

Achievement of these three key objectives requires a number of sensors
that can detect and monitor the parameters [3]:
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1. environment, e.g. temperature, humidity, light intensity, O, and
CO, levels, direction and wind speed, etc.

2. agricultural media, such as nutrient levels of N, P, K, minerals,
water, etc.

3. plants, such as colors and leaf size, plant height, etc.

According to Blackmoore (1994) [4], there are four factors that are inter
linked in precision agriculture, namely:

e reduction of input,

¢ an enhanced control system,

e increased efficiency and,

¢ information management system
One of the agricultural systems that can be applied to enable precision
farming is aeroponic system. Aeroponic is the process of growing plants
in an environment without the use of medium soil or aggregate. The
basic principle of aeroponic is growing plants in a closed or semi-

enclosed environment with equipment necessary for spraying the plant's
roots with nutrient-rich solution.

Figure 1. Aeroponic Growing Chamber

The aeroponic system has more advantages than hydroponic in terms of
spraying high air content in the nutrient solution to provide oxygen to
plant roots, stimulating growth, and help the prevention of pathogen
compounds' formations [4]. The focus of attention variables in the
aeroponic system research are as follows:

e micro-environment (temperature, humidity, pH), and

o the effectiveness of nutrition (spraying/fogging).
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Figure 2. Monitoring and Control System for Potato Growing Chamber Block
Diagram.

SECTION III.
Design and Implementation

In general, the task of this system is to maintain the magnitude of
temperature, air humidity, and pH in growing chamber box to keep it
inside the conditions required by the potato plants to grow optimally. An
electronic system using sensors [5] will take measurements of those
parameters, then the results were processed and compared with the
desired parameter values (set point). If there is a difference, there will be
a corresponding action for the environmental conditions leading to the
desired state.

Growing Chamber
Temp. & Humidity AR

Display buzzer |

rY h rY
user setting ' | , Mozzle | |
: Actuator
X | » Driver L |
keypad/ o * Mistmaker
keyboard '@ ' |
| M- ... GROWING
um. |
controller - o CHAMBER
Signal |
-« |conditioning,, | Temp.
Sensor circuit Sensor
Feedback L | Swilch
sensor

Figure 3. Control and Monitoring Systems Growing Chamber Block Diagram

System divided into two main sections:
¢ Monitoring system, to obtain the value of the temperature and
humidity inside the growing chamber and display it on the LCD

and hyper terminal.

¢ Control system for controlling the water and nutrients actuators
inside the growth chamber by using a timer.

System will distribute water and nutrients inside the plant growth
chamber with a nozzle and pump system incorporating an ultrasonic
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system. In this case, the ultrasonic system is used to provide nutrients,
while the pump nozzle systems are used to provide water and wet the
plant roots to enable easier attachment of the nutrients fog to the roots.
Each plant has its own growing zone of roots and stems. Because the
potato is a tuber crop, then the root zone is more important. The root
zone should have a humidity between 80% —90% RH, related to the
efficiency of nutrient uptake. Meanwhile, to prevent the proliferation of
pests and diseases, the air humidity should be maintained in the range of
60—-80% RH and air temperature in the range 16—25°C. This
information is used as a reference in designing systems for monitoring
and control system.

By default, the system will run according to the timing diagram
illustrated in Fig. 4 below. Initially the plant will be given water by using
a pump nozzle system. After that the plants will be given the opportunity
to absorb the water for 60 seconds. For 60 seconds of this, some water
will be absorbed by roots and some are still left on the plant roots, which
makes plant roots a little wet. Next, the plants will be given nutrition
using a mist maker. Because of the wetness of the roots, it will be easier
for the nutrients particles to attach to the roots. Plants will be given
nutrition for 2 minutes, and then the mist maker will be shut down for
10 minutes. Ten minutes is an appropriate time to provide opportunity
for the plants to absorb nutrients. This cycle is continuously repeated.

30
second
s
Water Pump
Time
1
Ultrasonic ynubes ) 2 10
Mist Maker Minutes Minutes
Time

Figure 4. Timing Diagram

A. Monitoring System

The sensor system will be responsible for measuring the values of
environmental parameters and then it will send information to the
control system. Sensor system consists of:

1. temperature and
2. humidity sensor.

Because the sensor output voltage at the maximum temperature is 55
mv, while the ADC reference voltage used was 4.6 V, then the sensor
output must be amplified. This is done by using operational amplifiers
with the non-inverting configuration. With a gain of 8x, the output
voltage range became 0.16 to 4.4 V. 8 mV/0.1°0C. Sensor sensitivity
improved to 80 mV/0C Because 8 mV > 4.5 mV (ADC resolution), the
selected temperature sensor resolution became 0.1°C. A gain of 8 times
can be obtained by using 2 resistors with a ratio of 70/10 in order of kilo
ohm value. Because of the differences in the initial values of
components, the necessary resistors of 70 k\omega are broken down
into fixed and variable resistors of 68 k\omega and 10 k\omega
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respectively. By implementing this configuration, the sensor can be
calibrated through these resistors.

For the humidity sensor data processing, signal conditioning is required
in the form of modifier capacitance value which can be calculated
through the pulse wave frequency using TLC555 timer IC. By using such
settings, the relationship between humidity and the pulse wave
frequency can be calculated. Change of ARH1% in humidity will result in
a change of Af= 14 Hz. By using a crystal oscillator of 11.0592 MHz (1
clock period = 90.4 ns) on the microcontroller, the changes are
accounted for.

B. Control System

1) Microcontroller System

Control system receives the results of measurements taken by each
sensor, then the results are compared with the set point, i.e. the value of
the desired parameters in the environment. If there is a difference, the
value will be processed into control signals and then sent to the actuator
sub-system. This sub-system was built using a microcontroller.

PC [via
USART)
Leb
LOW-FOWER
T "  ran
HUMIDITY o -
m LOW-PFOWER
Lt L " wamErrump
MICRO- -
CONTROLLER " ©
HIGH-POWER
TENPERATURE____, 5 ——— ponnonen
! | MISTMAKER +
—
T FAN
KETFAD

BLIZZER

Figure 5. Control System Block Diagram

Microcontroller receives user input of data via the keypad or keyboard
settings. Furthermore, to provide water and nutrients to the plants, the
microcontroller will send a signal to the driver to activate the relay which
in turn will turn the actuator on. Parameters in the growing chamber will
be read by the sensor and signal conditioning circuit.

An alarm system has been added to see if the actuator actually
functioned. If the actuator does not perform its function properly, the
alarm will be set. Temperature and humidity data will be displayed
through the LCD and on-screen computer monitor through
HyperTerminal.
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Figure 6. Control Algorithm

2) Actuator

In two-pipe system which is used in every hole drilled and given a
specific blockage, called nozzle. Nozzle is useful for creating water

droplets that come out of the pipe becomes more subtle. The nutrients is

distributed using a high-pressure pump (0.78 KW). The comparison is

shown at Table II.

Figure 7. Nozzle Pump Implementation

TABLE II NOZZLE PUMP AND ULTRASONIC MIST MAKER COMPARISON

. More power efficient

Advantages Disadvantages
Nozzle - Low heat generation - High power
Pump - Nutrition casily consumption
attached to plant’s | - High nutrient
root requirements (100
L/day)
Ultrasonic . Efficient nutrient . Generated fog is
Mist Maker (100L/3-4 days) difficult to attach to

plant roots, so that
most seed potato
plants became
drought and then
died.

Heat generation due
to ultrasonic
vibration
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The control system is integrated into one unit and packed as shown in
the Fig. 8.

Figure 8. System Integration

SECTION 1V.
Testing and Analysis

A. Sensor Testing

1) Temperature Sensor Testing

Referring to the table, temperature sensor output data is relatively the
same with thermometer reading. This proves that the temperature
sensor and temperature sensor data readings have been working as
specified.

TABLE III SENSOR TESTING RESULTS

Condition Thﬁ(e:‘:jn)o ! Thﬁ(e:‘:jn)o 2 Sensor (°C)
Initial
chamber temp. 2 27 27
Nozzle turned 24 25 25
on
Mistmaker 23 24 24
turned on
3 mins after
mistmaker 22 23 23
turned off
8 mins after
mistmaker 22 23 23
tumed off
Greenhouse
temp. 21 22 22
(raining)

2) Humidity Sensor Testing

The test method is the same with temperature sensors test. By using this
method, some of the implemented sensors inside of the growth chamber
is being extensively compared to the reference hygrometer to test their
functionality and accuracy.

TABLE IV HUMIDITY SENSOR TESTING RESULTS

Condition Hygrometer Humidity
Sensor
Initialization 70 60
Nozzle ON =100 80
Mist maker ON =100 85
3 min. after mist =100 85
maker off
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Humidity readings from hygrometer 1 and implemented sensors show
different value. When the nozzle is on, water droplets rushed into the
hygrometer, and contributes to the reading of > 100% in reference
hygrometer. In addition, the reference hygrometer applied were
specified only for measuring humidity in room conditions, so that in
extreme humidity, the corresponding hygrometer is unable to perform
well on the measurements. From this test it can be concluded that the
humidity sensor made for the system has been able to measure the
ambient humidity quite well. Unfortunately it is not known whether the
reading accuracy is sufficient or not, because there is no proper
reference.

B. Actuator Testing

In this test, a tissue was used as a substitute for the plant roots. These
tissues are placed in some points in a growing chamber (Fig. 9). With the
assumption that if a tissue was able to absorb nutrients from the
nutrients-filled fog, the roots of potato plants would also be able to
absorb these nutrients too. A pH papers are used to detect pH changes
on every test points.

Figure 9. Test Point on Growing Chamber for Actuator Testing

From this observations, it can be concluded that the nutrition
requirements has been fulfilled at the specified test points. In other
words, the actuator has managed to send nutrients to the tissues that
acted as a proxy for the roots of potato plants.

TABLE V ACTUATOR TESTING RESULTS

Test Point pH Test Point pH
1 6 8 6
2 6 9 6
3 6 10 6
1 6 11 6
5 6 12 6
6 6 13 6
7 6

C. System Testing

Overall system testing is done by defining the ON-OFF timers of the mist
maker and pump, and then it was observed if all actuators worked well
and was lit in accordance with the specified time. Obtained the following
results as a timing diagram for the four actuator nodes.
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Figure 11. System Timing Diagram in 1 Cycle (1: High pressure pump; 2: Mist
maker + Fan; 3: Low-Pressure Pump; 4: Low Power Fan)

D. Resulting Go Potato Plant Cultivated in Aeroponic
Growing Chamber

Fig. 12 shows that potato plant actually grows in aeroponic growing
chamber. The timing for water and nutrition spray has been through
some evaluation to determine the optimal time and dose in its
operational. Typical required period for a potato seed to grow into a ripe
bulb is around 3 months, in which various methods and timing was also
evaluated. Further study is still necessary to consider nutritional
balance, but the basic concept regarding automated water and
nutritional provision has proven to be working as expected.

Figure 12, Potato Plant in Aeroponic Growing Chamber

In Table VI, there is comparison between aeroponics and other methods.

TABLE VI COMPARISON OF DIFFERENT METHODS OF POTATO PRODUCTION
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PARAMETER CONVENTIONAL HYDRO- AERO-
[6] PONIC[7] PONIC
Controllable No No Yes
Nutrition usage High Medium Low
Nutrition Not Possible Not Possible Possible
recirculation
Land usage High Medium Low
Yield/Plant 3-5 5-15 Up to 30
Use of Often Occasionally Never
Pesticide
Energy- No Yes Yes
Dependent

The table shows that aeroponics system have more advantages from the
other methods mainly in term of controllability and nutrition usage.
Aeroponics system also produced more tuber than the other method.
However, the system needs further and complete evaluation in terms of
profitability and sustainability. Also, a comparative cost-benefit analysis
is required between aeroponics and the other methods to determine
optimal cost per seed.

SECTION V.
Conclusions

The monitoring and control system for distribution of water and
nutrients in aeroponic growing chamber for potato cultivation have been
successfully designed, implemented, and field tested. The system
features:

1. It can measure and monitor the in-situ chamber parameters, i.e.
temperature and humidity.

2. It is able to control the actuator (nozzle pump, mist maker, fan,
and reservoir pump) which supplies water and nutrients on
aeroponic growing system for potato production.

3. User can control system operation with customized-user settings.

4. The developed system was able to provide growing chamber
monitoring parameter by sending the temperature and humidity
data in real time from sensor to the display.
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