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ABSTRACT

In this study, the hydroponics subject is briefly discussed and developed an expert system on the subject. Expert
system, the process of upbringing of plants produced in the hydroponics systems has controlled. The system is
able to determine to the values of input parameters by using output parameters entered by user. The input
parameters preparing the optimum growing environment for plants by controlling the process of plant breeding.
Thus, removal of the optimum level of efficiency in activities the hydroponics and minimize of the labor force

and cost will be spent in the process of plant growth is aimed.
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1. INTRODUCTION

Although hydroponics is a very young science, short
period of time, it has been adapted to many situations,
from outdoor field culture and indoor greenhouse culture
to grow fresh vegetables [1-4]. The aim of hydroponics is
to provide the development of plants by the help of
nutrition solution, to meet the plants nutrition and water
demand without causing stress and to do so in the most
economic means possible [5-7].

Hydroponics is the realization of all types of agricultural
production in stagnant or effusive nutrition solution, in
the vapour of solution or solid raising environments
which are enriched by nutrition solution. The use of
hydroponic culture has a number of advantages for
physiological, biochemical and molecular studies such as
allows for easy observation and measurement of root
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growth and morphology throughout its life cycle [8-10].
Soiless agriculture is also superior in that problems such
as soil exhaustion, diseases resulting from the soil or the
existence of harmful substances in the soil are non
existent and it can control development of the plant by
inspecting the relationship between the fertilizer and
water as well as terminating the factors that cause a
decrease in quality resulting from the soil and increasing
efficiency [11]. At the same time, hydroponics systems
are considered environment-friendly, because they
eliminate the use of methyl bromide and other toxic
chemicals to sterilize the soil, and reduce the
contamination of groundwater due to fertilizer residues
by collecting and recycling the fertigation effluents [12-
13]. Hydroponics depends on giving the amount of water
and nutritional elements that are necessary for the
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development of the plant and it is classified into two as
environment and water culture. In environment culture,
plants are raised in organic and inorganic environments
and irrigation nutrition solution bears additives. On the
other hand, in water culture, the plants are being raised in
water which contains nutrition elements [5-7].

For plant production in hydroponics, growers use water
sources with different origins, such as surfacewater
(lakes, natural and artificial ponds), groundwater
(wells),municipal tapwater, rainwater and mixtures of
these.Water quality depends mainly on the source that is
used. As rainwater has low ionic strength and usually low
microorganism and algal densities, it conforms to water
quality guidelines and is often better than other sources
[15-16]. In today’s world, there are hydroponic
greenhouses that are capital intensive, involve
sophisticated instrumentation and built with controls to
optimise internal climate and the delivery of water and
nutrients to grow plants [9,17-18]. The greenhouse
systems that use hydroponics are considered to be
superior to field production systems in terms of water and
nutrient use efficiencies [1,19]. Lately, one of the most
important reasons why hydroponics is spreading quickly
in greenhouses is the problems resulting from the soil.

In greenhouse production via hydroponics, providing the
appropriate climatic conditions is attained through
artificial mechanisims. This situation results in the
system’s being more complicated compared to
agricultural production done in open environment. All
factors such as humidity rate and temperature, direction
and speed of the wind, the intensity of light,
carbondioxide, sun light, evaporation, soil temperature
and the like interact with each other [20]. As a result, it is
quite difficult to control all these factors and sustain the
targeted efficiency. In order to provide this, it is
necessary to use automation systems. In today’s world,
many automation systems have been developed for
hydroponics. These techniques vary according to
economic adequacy, the supply of the material to be used
and the types of plants [21].

In the related literature on hydroponics greenhouse
production expert system applications are nonexistent. In
this field most, studies have mostly focused on the usage
of expert systems in greenhouse plant production. Among
these studies the one that Fynn has conducted has dealt
with greenhouse production and the control of the
environment [22]. Another study conducted by Chen and
Li, on the other hand, has focused on the application of
an expert system aiming at the management of
greenhouse production and the diagnosis and prevention
of disease [23]. Similarly, Hu and his friends have
developed an expert system for greenhouse management
based on real time environment control [24].

In this study, an expert system based automation system
that was developed for the effective and efficient control
of hydroponics greenhouse systems will be introduced.
By the expert system that was constructed by making use
of the knowledge and experience of the experts in the
field, the aim has been to minimize the work force used
in the process of hydroponics, the total amount of time
spent in agricultural process and human based errors. In

the second part of the study, the control of hydroponics
greenhouse plant production by means of automation
systems, and in the third part, the structure and operation
of the developed expert system will be analyzed. In the
final part of the study, the results of the study will be
scrutinized and suggestions for future studies will be
made.

2. THE CONTROL OF HYDROPONICS
GREENHOUSE PRODUCTION THROUGH
AUTOMATION SYSTEMS

The efficiency of the hydroponics-based system greatly
depends on its design and the way the water and nutrient
applications are managed [9]. Greenhouses do not have
generally the precision control of internal climate and
monitoring of water and nutrient parameters. Thus, the
regulation through automation of product growing
medium in hydroponics systems is important.

Especially, the temperature and humidity of the interiors
of the greenhouse are not checked regularly, resulting in
unwanted situations. The studies conducted have revealed
that in order to plan and realize an automation system
specially designed for greenhouses, it is primarily
necessary to have enough knowledge on greenhouse plant
production [20].

Most of the greenhouse plant growers do not use any
automation systems. Consequently, it is neither possible
to economize from time and work force nor is it possible
to gain high quality products. In order to minimize all of
these drawbacks, it is crucial to use automation systems.
Automation systems allows to be used extensively
information and control systems to minimize the human
contribution in business and processes. Due to the fact
that automation systems develop as a result of long
research periods and through experience, they are
expensive in terms of instalment costs. Similarly,
greenhouse aotomation systems are not frequently used in
the agriculture sector due to the high installment costs.
Moreover, previously, when the systems in question
required a computer based operation, qualified persons
that can use these systems was a requirement. However,
in today’s world, both the fact that computer usage has
become user-friendly and widespread and the fact that
greenhouses can meet the installment costs of the
automation in no time, among other factors, has resulted
in the spread of such systems. It is unavoidable in terms
of time and cost to use technologies that we use in every
aspect of our daily lives in agriculture as well. In today’s
world, where technology develops at a fast pace,
technological developments in the field of agriculture
increase at a high rate as well. This progress will
accelerate even further the spread of the use of
computerized automation systems. For example, by the
realization of storage and evaluation of data in a
computer, the proceedings in question will be conducted
more efficiently [25].

The automation systems used in greenhouses can be
analyzed in two sections; namely, climate control and the
automation of irrigation-fertilization. These systems
cover expert systems that generally involve backward-
feeding or forward-feeding methods. In backward-
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feeding systems, after the variable is perceived, the
control system is activated while in forward-feeding
systems the tendency of change of the variable is
predicted initially and after that the control system reacts
to the relevant tendency [20,26-27]. All these processes

are conducted by a computer unit which is the brain of
the automation where the relevant programmes are
loaded. Figure 1 explicitly depicts the computer unit and
other surrounding units that control the automation
systems.
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Figure 1. The computer unit and peripherals that control automation systems in a greenhouse [20]

3. THE STRUCTURE OF DEVELOPED EXPERT
SYSTEM

The basic idea behind expert system (ES) is simply that
expertise, which is the vast body of task-specific
knowledge, is transferred from a human to a computer.
This knowledge is then stored in the computer and users
call upon the computer for specific advice as needed [29-
31]. In other words expert systems require containing the
knowledge from expert for a specific problem domain in
order to make inference and decisions [23]. The computer
can make inferences and arrive at a specific conclusion
using this knowledge [28,32].

The expert system developed within the borders of this
study is one that makes it possible to control the growth
period of plants in hydroponics greenhouse systems. The
expert system has been named as “Hydroponics Expert

System (HES)”. The system is able to define the values
that belong to the input parameters by using the output
parameters that are used by the user. The input
parameters, on the other hand, by controlling the plant
growth  process, prepare the optimum growth
environment for the plants. The software that is
developed operates in an operating system that is
Windows 2003 or above. Moreover, NET framework 3.5
should previously be uploaded to the computer that is
going to be used for this purpose.

3.1. User Interface

User interface is the graphic interface that provides the
communication between the user and the programme. By
using this unit, the user can control the knowledge base
of the expert system, can enter data and can realization
operations such as rule add or delete By means of the
interface depicted in Figure 2, it is possible to enter data
and control the system.
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Figure 2. User interface

In the developed greenhouse system, input parameters are
produced by evaluating the data attained from the output
parameters. Otput parameters have been determined as a
result of the research on the related literature and selected
from the parameters that have frequently been used in
these studies, and by taking the opinion of experts in
hydroponics [5,26-27,33]. Some of these parameters such
as carbondioxide device, moisture device and artificial
light device have not been used due to the high prices.
But,in this study, all parameters were taken in
consideration in order to create controlled environment
exactly The general structure of hydroponics greenhouse
system, which has been developed, is displayed in Figure
3.

—-
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Figure 3. The general structure of the developed hydroponics greenhouse system

3.2. HES Knowledge Base

In an expert system, the knowledge base is made up of
two main parts which are the database and the rule base.
Knowledge base is continuously in a process of
improvement [34]. On one hand, human experts would
add new knowledge to knowledge base or modify the
existing knowledge heuristics when new situations
ocur[35].

3.2.1. Database

Data base is made up of real conditions that summarize
the current situation of the problem and quality-value
pairs [36]. A fact in the database specifies the value of
some attribute for some object and has the form x is A,
where x denotes a variable taking values in some
universe X and A represents a subset set in X [37]. In the
developed expert system, “text” files have been created in

order to store information. In the input screen,
information gathered by means of the choices regarding
the values of the output parameters are used to create the
data that the system is going to use (Table 1). In figure 4,
the screen image of the data base that was formed by
means of the values attributed to the output parameters is
displayed. Here “low” and “high” descripitons related to
output parameters, quantitative values measured by
means of devices such as sensor, detector and
thermometer (carbondioxide, oxygen, moisture and
temperature etc.) and other information received by
expert knowledge (plant growth rate, plant colour etc.)
are transformed into linguistic characterization. While
making a decision, expert systems do not make use of
quantitative data, but linguistic characterization. For this
reason, such a transformation or description is necessary.
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Table 1. The output and input parameters used in the greenhouse system

Order Output Parameters Input Parameters

1 Water temperature Water heater

2 Water oxygen value Oxygen device

3 Water EC value (Hardness of water) Food + Fertilizer tube
4 Water pH value pH balancing

5 Environment temperature Climate

6 Environment moisture Moisture balancing

7 Environment carbondioxide value Carbondioxide generator
8 Environment light intensity Artificial light

9 Plant growth rate

10 Plant color

water_temp_Tow
water_oxy_value_low
water_ec_value_low
water_ph_value_low
env_temp_Tow
env_mois_low
env_carb_value_low
env_Tlight_int_Tlow
plant_growth_rate_Tow
plant_color_low

Figure 4. A sample view from the database

3.2.2. Rulebase

HES wuses output parameters with combinations and
produces input parameters by using more than one data.

Table 2. The relationship that make up output rule table

For example, the input parameter water heater can be
adjusted by using output parameters such as water
temparature, environment temperature and plant colour
(Table 2).

Order Input Parameters Relationship Related Output Parameters

1 Water heater ~ Water temperature x Environment temperature x Plant color

2 Oxygen device ~ Water oxygen value x Water pH value x Water EC value

3 Food + Fertilizer tube ~ Water EC value x Water pH value x Plant growth rate

4 pH balancing ~ Water pH value x Water EC value x Plant color

5 Climate ~ Environment temperature x Environment moisture x Plant color

6 Moisture balancing ~ Environment moisture x Environment temperature x Plant color

7 Carbondioxide _ Environment carbondioxide value x Environment temperature x
generator Plant growth rate

8 Artificial light _ Environment light intensity x Environment temperature x Plant

growth rate
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Moreover, by all of these output parameters level
management, the total level grade can be attained and this
can determine the development period of the plant. As a
result, in this study, there are two rule bases. The first one
is the rule base that constitues the input parameters and

the second one is the rule base that determines the growth
period of the plant. The rule bases are constructed by
making use of the information used in Table 2 and Table
3.

Table 3. The relationship that make up the rule table for growth period of plant

Order State Il)lelatlonshl Related Output Parameters
1 The degree of plant drain ~ Environment moisture x Environment temperature
2 The degree of plant nutrition ~ Water oxygen value x Water EC value
3 The degree of plant decay ~ Water temperature x Water pH value
. Environment light intensity x  Environment
4 The degree of plant photosynthesis carbondioxide value
5 The degree of plant growth ~ Plant color x Plant growth rate

For the first rule base, each output parameter can take
two different values which are “low” and “high”.
Therefore, for each input parameter, 2x2x2= 8 different

Mj rule_base_1 —l == ﬂh

rule_1 -
water_temp
water_temp_high
plant_color_low
env_temp_high
Tevel 1

rule_2
water_temp
water_temp_high
plant_color_high
env_temp_high
Tevel 2

rule_3
water_temp
water_temp_high
plant_color_low
env_temp_Tlow
Tevel 3

Figure 5. Rule base file

The sample rule table that determines the input
parameters is demonstrated in Table 4.

situations are formed. In this way, the control values of
the input devices can be attuned to § levels. As there are
8 input parameters, in all, rule base there are 64 rules
(Figure 5).
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Table 4. The examples from input parameters rule table.

Order Input Levels Levels
Parameters
Water temperature Low Water temperature High
Plant Plant
color color
Low High Low High
1 Water heater Environment Environment
temperature temperature
Low 7 8 Low 3 4
High 5 6 High 1 2
Water oxygen value Low Water oxygen value High
Water Water
EC EC
_ value Low High value Low High
2 Oxygen device Water pH Water pH
value value
Low 5 6 Low 1 2
High 7 8 High 3 4
Water EC value Low Water EC value High
Plant Plant
growth growth
Food + rate Low High rate Low High
3 o
Fertilizer Water pH Water pH
value value
Low 8 6 Low 4 2
High 7 5 High 3 1
Water pH value Low Water pH value High
Plant Plant
color color
Low High Low High
4 pH balancing Water EC Water EC
value value
Low 7 8 Low 3 4
High 5 6 High 1 2

In the second rule base, each output parameter can take
two different values as “low” and “high”. Therefore, for
each plant condition parameter 2x2=4 different values are
possible. As there are 5 plant condition parameters, in the
second rule base there are 20 rules. The growth period of

the plant is determined by adding the values of plant
drain degree, plant nutrition degree, plant deterioration
degree, plant photosynthesis degree and plant growth
degree. The rule table of this is displayed in Table 5.
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Table 5. The plant growth period rule table

Order | State Levels
Environment moisture
. Low High
. The degree of plant Environment temperature
drain Low 4 3
High 2 1
Water oxygen value
Low High
) The degree of plant Water EC value
nutrition Low 1 o
High 3 4
Water temperature
Low High
3 The degree of plant Water pH value
decay Low 4 3
High 2 1
Environment light intensity
Environment Low High
4 The degree of plant | carbondioxide value
photosynthesis
Low 1 3
High 2 4
Plant color
Low High
5 The degree of plant Plant growth rate
growth Low 1 2
High 3 4

The little of created rule base is displayed in Figure 6.

| rule_base 2 .. E‘Elﬂ_hj

rule_1 *
plant_degree_drain
env_mois_high
env_temp_high
Tevel 1

rule_2
plant_degree_drain
env_mois_Tlow
emv_temp_high
Tevel 2

rule_3
plant_degree_drain
enmv_mois_high
env_temp_Tow

Tevel 3

Figure 6. The rule base file is created for plant growth period

817
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3.3. Inference Engine

Inference engine is where meaningful inferences are
made by using the rules in the rules base [38]. Its function
is to produce the results that the system needs by using
the data in the knowledge base and by interpreting the
rules. During the process of interpreting the knowledge
base, inference engine makes use of two different
methods. These are forward and backward sequences
methods [39-41]. In this study, “forward sequence”
which starts from the already known data and proceeds
until the appropriate rule is found is used. Moreover, this
method is based on meeting the demands of the current
conditions.

The inference engine of the system works in the
following manner; the user interface of the HES software
(Figure 2) and the relevant output values taken from the
greenhouse system and the sensors are interpreted and

Environment

Start temperature is
lower?
User Interface
Login

Plant color
is lower?

¥
Entering to system of output
parameters:

- Water temperature

- Plant color

- Environment temperature

Plant color
is lower?

Environment
temperature is
lower?

’._ Rule Base ]—'

temperature is

translated into linguistic expressions such as low-high.
For example, in the algorithm depicted in figure 7, these
values are water temperature, plant colour and
environment temperature. After the data that are collected
by user choice are saved at the data base, inference
engine finds the rule that matches the reality in the data
base. When the system finds a rule that matches the
related values in the rule base, it attributes this level value
as the level value of the water heater. Having done that, it
offers this value to the user in the form of sign and
writing. The very same scenario is used for all of the
another output parameters and oxygen device, nutrition
and the operating levels for fertilizer tube, pH balance,
conditioner, moisture balance, carbondioxide producer
and artificial light are attuned, creating the appropriate
conditions for the greenhouse system.

Inference Engine

Environment
temperature is
lower?

The output
parameter of the
water heater = level

lower?

User Interface
Indicator

Figure 7. The working algorithm and inference engine according to water temperature, plant color and environment

temperature
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Figure 8. The working algorithm and inference engine of plant growth period according to environment moisture and

environment temperature

Finally, certain level values are attained by using the
plant condition data. The total of these values give
information about the growth period of the plant. For
example, the algorithm displayed in Figure 8 explains the
system that appears in the first line of Figure 5. That is,
the algorithm, adjusts the plant drain degree according to
the environment moisture and temperature. The others are
also detected as appropriate for this.

The growth period of the plant is calculated by making
use of the total level data collected from plant condition

data. Plant growth period is attained from the total of
plant drain degree, plant nutrition degree, plant
deterioration degree, plant photosynthesis degree and
plant growth degree parameters (Eq. 1).

Plant growth period = plant drain degree + plant nutrition
degree + plant deterioration degree + plant
photosynthesis degree + plant growth degree (Eq. 1)

After all these processes are completed, reports are
produced by the system, based on the plant growth period
as displayed in Table 6.
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Table 6. Plant growth period rapors

Plant growth period | Plant growth period >7 | Plant growth period | Plant growth period
<=7 months months >12 months >16 months

State

State Plant growth period is|Plant growth period is |Plant growth period is|Plant growth period is
smaller than 7 months. | greater than 7 months. greater than 12 | greater than 16

months. months.

Risk There is not a risk for | There is not a risk for the | There is not a big risk | Maturation and
the maturation and |maturation and growth of | for the maturation and | growth of the plant is
growth of the plant. the plant. growth of the plant. at risk.

Probability |Likely to complete the | Likely to complete the|Likely to complete the | Likely to complete the
development of the | development of the plant | development of the | development of the
plant is 90%. is 70%. plant is 50%. plant is 20%.

Measure There is no need to|There is no need to|There is mneed to|There is need to
reduce the duration of | reduce the duration of the | reduce the duration of | reduce the duration of
the maturation. maturation. the maturation. the maturation.

Application |There is no need to |It will be useful to set the| The relevant input|The relevant input
alter the values of|appropriate  conditions | parameters must be | parameters must be
water and the |for water and the|set, water and | set, water and
environment. environment values. environment values |environment values

must be set to the|must be set to the
appropriate appropriate
conditions. conditions.

to explain the inference it made by making use of the
knowledge base. The developed expert system can
present a report of the inference process to the user by
means of the description unit (Figure 9).

3.4. Description Unit

An expert system should have the quality to report the
work process. In other words, it should have the ability

Rules that are used within the rule base 1

rule_1 -
water_temp I
water_temp_high

plant_color_low

env_temp_high

Tevel 1

Rules that are used within the rule base 2

rule_1 =
plant_degree_drain (i
env_mois_high

env_temp_high

Tevel 1

rule_2

Report

Plant growth period is greater than 7 months. There is
not a risk for the maturation and growth of the plant.
Likely to complete the development of the plant is 70%.
There is no need to reduce the duration of the
maturation. It will be useful to set the appropriate
conditions for water and the environment vahes.

Figure 9. The rules used and a sample report output
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4. RESULT AND SUGGESTIONS

In this study, an expert system that aims at controlling of
the growth periods of plants that are produced in
hydroponics greenhouse systems has been developed.
HES rule base has been constituted according to the
input-output parameter relations. So as to provide a
sample for the study, two levels have been applied. These
levels have been prepared by taking into consideration
the personal experience of experts and the information
gathered from the related literature. The expert system
that has been constructed can be used in greenhouses
where there is no automation machinary by means of
appropriate changes as welll as in greenhouses that are
yet to be set up. Also, it will be adaptable to renewals that
will be done in the long run by made economic
installment with both low cost and user friendly software.

It is important that the software that is developed for
hydroponics greenhouse production can perceive all of
the factors within the plant growth production period and
thus, come up with the correct decisions. The expert
system that has been developed in this study has made the
decision process much faster and easier.

Future studies that will take this study as a reference
should take the following into account as it will make a
great contribution to the field.

- In this study, output parameters (temperature,
and moisture, pH and oxygen values) that are
composed of the values that are gathered from
the greenhouse and outside environment
entered the system manually. An application
that can enter these values automatically to
system can be developed.

- In the reporting stage by using mobile
technologies it can be made possible to transfer
the results to the user instantly.
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