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Abstract

The increased popularity of smart home technologies, lower prices of technical infrastructure and the
growing demand for these technologies accelerated the development of smart systems. Automatic
irrigation of the soil with the help of automatic systems will prevent sufficient irrigation of the soil in
dry periods. This can cause the cultivated area and garden plants wither and eventually die. In this study,
a smart plant irrigation system is developed, aiming to address the need for these systems in such cases.
The system here is created using various sensors, and, through application of a fuzzy model, it can
determine the amount of water required for a specific period. The fuzzy model determines the exact
amount of water needed by the plant, hence prevents undesirable situations like excessive or insufficient
watering of the plant. This enables planning for soil irrigation. The system proposed in this paper is a
low-cost and easy-to-install one that can be applied in any agriculture.
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1. Introduction

Concepts such as smart homes and Industry 4.0 involve studies about facilitating human life.
Remote control of home appliances, and air quality analysis can be given as common examples of
these studies. Plant watering is another possible application area of smart technologies. House and
garden plants need regular watering. But the required amount of water and the watering interval
may change for each plant. Plants in pots and garden plants that are left alone for a long time are
required to be watered regularly in that period. Today irregularity of rainfall has led to the planning
of the irrigation process. Irrigation planning is of great importance for dry periods, besides ensuring
that water is not wasted. This water saving has a vital importance, since 70% of the Earth's water
consumption is accounted for agricultural use [1]. On the other hand these type of studies improve
the economic feasibility. Compana et al approved this idea and they give improvement as a
decrease of 18.8% in the investment capital cost [2]. In this study, sensor data is supplied as an
input to the proposed fuzzy model to determine the irrigation process. There are similar irrigation
models in the literature such as controlling the need for irrigation in agricultural sector, especially
in greenhouses [3-6]. There are some studies use automatic irrigation systems that don't have
remote control units [7]. Which needs to be present near the system. Cakir et al has developed an
automatic irrigation system over the phone line [8].

However, they only consider the sensor information about soil moisture. In another study on

* Corresponding author: Address: Address: Faculty of Computer and Information Sciences, Department of Computer
Engineering, Sakarya University, 54187, Sakarya TURKEY. E-mail address: fatihadak@sakarya.edu.tr



230

greenhouses, many parameters such as temperature, air and soil moisture were taken into
consideration [9]. Similar to our work here, fuzzy modeling has also been applied successfully
using air and soil moisture and temperature sensors [10]. Successful results were obtained using
soil moisture sensor together with Arduino in agricultural irrigation [11]. In another study where
machine learning and ANFIS were used, again three basic sensors were included [12]. There are
studies that use pure artificial neural networks (ANN). For example Muhammad et al developed a
controller and compared by on/of controllers, they said ANN based approach has good performance
when compared to on/off controllers [13]. Another study developed a new matrix system using soil
moisture and temperature sensors for automatic irrigation [14]. The information of humidity and
temperature of the air can be obtained relatively easily, while getting soil moisture information is
a troublesome process [15]. Because, the sensor that is sunk in a certain place of the soil will gather
the information about only that part of the soil. Therefore, the sensor should be placed in the most
suitable side of the pot or garden soil. As it is evident from the aforementioned studies, smart
irrigation systems are among popular research topics today and will maintain its popularity in the
near future. This study consists of 5 sections. In Section 2, Fuzzy Logic and the data are explained.
The proposed model is explained in Section 3, the results are presented in Section 4, and conclusive
remarks are given in the last Section.

2. Materials and Method
2.1. Fuzzy Logic

In contrast to the crisp approach of full membership, the fuzzy set approach permits partial
membership and is successfully applied to real life problems. Fuzzy logic consists of input,
membership functions, fuzzification, fuzzy rules and defuzzification stages [16]. The fuzzy set
theory is givenin Eq. 1. A is the fuzzy set, X is the finite universal setand ., (x) is the membership

function in Eq. 1. In some real life problems it is hard to write rules for fuzzy model and often
researchers use statistic and data mining techniques [17-18]. But in this study, it wasn't difficult to
write rules for irrigation fuzzy model because of models basic nature and based on heuristic
manner.

A= {(X,MA(X))VX e X}
s (X): X —>[0,1]

(1)

2.2. JFuzzyLogic

The model in this study is coded in Java, and the fuzzy logic library JfuzzylLogic is used.
JfuzzyL ogic is an extensive library developed by Cingolani Alcala - Fdez, which can be run in any
environment and supports many more membership functions than other equivalent libraries [19].
This free library increases the amount of researchers implementing fuzzy logic controllers. It is
now just support Mamdani but not Sugeno model.

3. Results
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Model developed using Mamdani has four inputs and one output. The inputs are soil moisture,
rainfall probability, air humidity and temperature. The output is liter. In this model the most suitable
irrigation amount is calculated in terms of combating drought. Membership functions used in inputs
are given in Fig. 1. As shown in Fig. 1 each input has 3 membership functions. Soil moisture, air
humidity and temperature values are taken from related sensors. Rainfall probability is taken from
Turkish State Meteorological web service. Soil moisture has three forms dry, damp and wet. Air
humidity has three forms, dry, damp and muggy. Temperature has three forms, low, high and
middler. The last input rainfall probability has also three forms and those are calculated by next
three day rainfall probability as shown in Fig. 2.
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Figure 1. Membership functions of fuzzy inputs
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Figure 2. The input rainfall information
As seen in Fig. 1, generally trapezoid and triangle membership functions are used in the model.
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Center of gravity method is used for defuzzification method. For AND method min is used, for
activation also min is used and for accumulation method max is used. The mode gives crisp output
in liter per day and if the output is smaller than 20 liters the system won’t give any water. The
membership functions for output is given in Fig. 3.
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Figure 3. Membership functions of fuzzy output

In fuzzy model 81 fuzzy rules are used. All rules have one for width value. The model developed
in this study was tested on a real garden. A reservoir close to one tone was optimally organized
with the help of the fuzzy model in this study. During the week, irrigation was realized
economically.

Conclusions

In terms of combating drought, systems that can be installed cheap are of great importance today.
Therefore, the model developed in this study is cheap and irrigation planning is an important result
of the study. Irrigation planning is modelled by looking at temperature, air and moisture in the soil,
and most importantly the probability of rainfall for the next few days. In the case study irrigation
was performed successfully with the help of fuzzy model. As a future study, it is planned to develop
a more dynamic and complex irrigation model by adding parameters such as soil minerals and
water requirement of the plant.
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