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Abstract - A fuzzy logic based decision support system (DSS) for agriculture support system is presented. The primary focus is 

on the algorithm used to correctly predict how much water should be poured to the agriculture for the optimal growth of the 

crops. Over-watering as well as under-watering has always been a big problem in farming. The proposed system uses three 

input parameters; namely field moisture, field humidity and field temperature. However, for predicting the proper amount of 

water so as to get the optimized best growth of the crop, few more parameters also play a vital role but in this work for 

simplicity purpose we have taken these three parameters as input.  Through decision support system, the meaning of transferred 

data is translated into linguistic variables that can be understood by non-experts. Mamdani inference engine is used to deduce 

from the input parameters. Design of the proposed system is given with the fuzzy logic controller and simulation is being done 

using MATLAB (Matrix Laboratory) for solving the water irrigation issue.  
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I.   INTRODUCTION   
 

India has the highest percentage of land under cultivation in 

the world where farming contributes to about 12.5% to the 

total domestic production. India suffers comparatively a low 

production of farming which depends mainly on monsoon 

rain. Low production is also due to the use of old cultivation 

methods in India. There are many factors which affects 

outcomes from the farming, like quality of seeds, land 

preparation, time of sowing, weed management, diagnosis 

of insect, disease and nutritional disorders etc.  Farmers 

usually keep a watch on irrigation timetable, different for 

different crops and dependent on type of soil and other 

parameters. This process sometimes consumes more water 

or sometimes water reaches late due to which crop gets 

dried. An automatic irrigation system based on sensing 

technology with rule based control system requiring 

computer’s computing, is required to reduce the labor cost 

and to give uniformity in water application across the field.  

Water has been always a very vital issue in farming. Farmer 

need advance expert knowledge to take different decisions 

related to farming. A rule based fuzzy controlled system can 

give a good approximation of the water needs for various 

crops. This paper focusses on this issue. 

 

Rest of the paper is organized as follows. Section 2 gives 

the related work done by earlier researchers in the said field 

of decision support system for agriculture using fuzzy logic. 

Section 3 gives the general Structure of Fuzzy Logic based 

Decision Support System. Design of the proposed system is 

given in section 4. Section 5 gives the surface viewer. 

Finally work is concluded in section 6. 

 

II. RELETED WORK 

 

Rule based fuzzy systems have been applied to the decision 

making system of various agriculture related issues as early 

as 1980s. These rule based fuzzy systems have been 

developed by various Agricultural Research Institutes and 

researchers from different countries. Objective of these is to 

assist the farmers for plant-disorder diagnosis, management 

and other production aspects for agriculture [1]. These 

systems manipulates encoded knowledge to solve problems 

in a specialized domain that normally requires human 

expertise [2].  For integrated pest management, authors in 

[3] have proposed a rule based fuzzy expert system 

SOYPEST (Soybean pest Expert System) by dividing the 

identification and diagnosis into four phases. A comparison 

study on various rule based expert systems in agriculture is 

done in [4].  In [5] authors have discussed how fuzzy logic 

imitates the logic of human thought. Origin, theory and the 

application of decision support system in agriculture using 

rule based fuzzy logic has been given in [6]. In [7] authors 

have presented a report on the use of decision support 

system in agriculture. In [8] authors have covered the 

irrigation water quality for sugarcane crops. An automated 

water irrigation system in Nepal is proposed by the authors 
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in [9]. In [10] various types of decision support systems 

along with the usage of linguistic variables and values in 

DSS has been presented.  

 

III.  GERERAL STRUCTURE OF FUZZY LOGIC 

BASED DECISIONSUPPORT SYSTEM 

 

The general structure of fuzzy logic based decision support 

system is shown in figure 1. During fuzzification sub-

process all three crisp inputs are changed to fuzzy inputs 

with the use of membership functions. For properly 

adapting the output fuzzy inference sub-procedure uses if-

then rules during fuzzy inference. These rules determine the 

output. During aggregation, sub-procedure minimum of 

membership function of all inputs is determined for each 

rule. Results of aggregation sub-procedure are used for 

composition. A membership function for each region of the 

output parameter is calculated using the rule base and the 

values determined in the aggregation step. Min-max 

procedure is used for composition. During defuzzification 

subprocedure, the fuzzy output values are converted into 

real numbers. The defuzzification method used in this work 

is Weight-of-Average-Formula. 

 

 
Figure 1:  General Structure of Fuzzy Logic based 

Decision Support System 

 

 

IV.  DESIGN OF THE SYSTEM 

Fuzzy decision support system designing, membership 

functions, fuzzy rule base, fuzzification and defuzzification 

are described in this section. In the proposed system a total 

of three inputs are chosen which determines the output. 

Figure 2 shows the fuzzy logic based irrigation control 

system. 

 

 
Figure 2:  Fuzzy logic based irrigation control system 

 

4.1  Input Variables  

 

1.  Field Moisture 

The field moisture content of the soil is an important factor 

to be considered for watering the crops. In our case, we 

have taken four ranges of this parameter; standard, 

adequate, normal and dry. Fuzzy sets for input variable field 

moisture are shown in Table 1. Figure 3 shows the 

membership function of this input.  

                          

Table 1:  Fuzzy sets for Input variable Field Moisture 

Linguistic variable Range Fuzzy sets 

Field Moisture 0-12 Saturated 

8-22 Adequate 

18-35 Normal 

More than 30  Dry 

 

 

 
Figure 3:  Membership function of the input variable 

Field Moisture 
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2.  Field Humidity 

It is well known that most of the crops can easily tolerate 

humid level if below 25%, however all crops grow best with 

relative humidity of over 50%. Relative Humidity is 

expressed as percentage of moisture in the air around the 

soil surface. In our case, we have taken four ranges of this 

parameter; low, medium, high and extremely high.  Fuzzy 

sets for input variable field humidity time are shown in 

Table 2. Figure 4 shows the membership function of this 

input. 

 

Table 2:  Fuzzy sets for Input variable Field Humidity 

Linguistic variable Range Fuzzy sets 

Left green time 0 – 12 Low 

10 – 40 Medium 

30 – 60 High 

50 and above Extremely High 

 

 

 
Figure 4:  Membership function of the input variable 

Field Humidity 

 

3.  Field Temperature 

For germination of the seeds, different crops grow at 

various levels of temperature. If field temperature is high, it 

will evaporate the soil moisture and visa versa. Temperature 

plays a vital role in farming. Temperature is expressed as 

degree Centigrade. In our case we have taken four ranges; 

very cold, cold, normal and high. Fuzzy sets for input 

variable field temperature are shown in Table 3. Figure 5 

shows the membership function of this input. 

 

 

Table 3:  Fuzzy sets for Input variable Field 

Temperature 

Linguistic variable Range Fuzzy sets 

Field Temperature 0 - 15 Very Cold 

10 – 25 Cold 

20 – 35 Normal 

30 – 45 High 

 

 
Figure 5:  Membership function of the input variable 

Field Temperature  

 

4.2  Output Variable 

Aim of the present work is to correctly predict how much 

water should be poured to the agriculture for the optimal 

growth of the crops. The output variable has a value from 1 

to 4; representing normal, deficit, medium deficit and high 

deficit. Figure 6 shows the membership function of the 

output variable.  
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Figure 6:  Membership function of the output variable 

 

4.3  Fuzzy Rule Base  
The rule base determine the extension, having five different 

values; more decrease, decrease, do not change, increase, 

and more increase. Figure 7 shows the Rule Viewer and 

sample of different if-then rules are shown in figure 8. 

 

 
Figure 7:  Rule Viewer 

 

 
Figure 8:  Sample of different if-then rules 

 

4.4  Fuzzification & Defuzzification  

This system depends on Mamdani model for inference 

mechanism. Aggregation method between rules is 

maximum to combine output fuzzy set. Fuzzification 

method used is min-max and defuzzification method is 

centroid.  

 

V.  SURFACE VIEWER 

 

Different surface viewer are shown in figure 9 – 11. Figure 

9 shows the surface viewer of field humidity, field moisture 

and output parameter. Figure 10 shows the surface viewer 

of field temperature, field moisture and output parameter. 

Figure 11 shows the surface viewer of field temperature, 

field humidity and output parameter.  
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Figure 9: Surface viewer of field humidity, field 

moisture and output parameter 

 

 

 

Figure 10:  Surface viewer of field temperature, field 

moisture and output parameter 

 

 

Figure 11:  Surface viewer of field temperature, field 

humidity and output parameter 

 

VI.  CONCLUSION 

In this paper, a fuzzy logic based decision support system 

(DSS) for agriculture support system was presented. The 

primary focus was on the algorithm used to correctly predict 

how much water should be poured to the agriculture for the 

optimal growth of the crops. Over-watering as well as 

under-watering has always been a big problem in farming. 

The proposed system used three input parameters; namely 

field moisture, field humidity and field temperature. 

However, for predicting the proper amount of water so as to 

get the optimized best growth of the crop, few more 

parameters also play a major role but in this work for 

simplicity purpose we have taken these three parameters as 

input.  Through decision support system, the meaning of 

transferred data is translated into linguistic variables that 

can be understood by non-experts. Mamdani inference 

engine was used to deduce from the input parameters. 

Design of the proposed system was given with the fuzzy 

logic controller and simulation was being done using 

MATLAB (Matrix Laboratory) for solving the water 

irrigation issue.   

 

 



   International Journal of Computer Sciences and Engineering                                    Vol.6(12), Dec 2018, E-ISSN: 2347-2693 

  © 2018, IJCSE All Rights Reserved                                                                                                                                        793 

REFERENCES 

[1]. S. J. Yelapure, Dr. R. V. Kulkarni, “Literature Review on 

Expert System in Agriculture,” International Journal of 

Computer Science and Information Technologies (IJCSIT), vol. 

3, no. 5, 2012. 

[2]. Patterson, D.W., “Introduction to Artificial Intelligence and 

Expert Systems,” Prentice-Hall, New Delhi, 2004.   

[3]. S.Saini, Harvinder, Kamal Raj and Sharma A.N., ”Web Based 

Fuzzy Expert System for Integrated Pest Management in 

Soybean”, Inter. Journal of Information Technology, vol. 8, 

no.1, 2002.  

[4]. Prasad, G.N.R. and Babu, A.V.,  “A study on  various expert 

systems in agriculture,” Georgian Electronic Scientific Journal:  

Computer Science and Telecommunications, vol. 5, no. 4, pp. 

81-86, 2006. 

[5]. Anna Perini and Angelo Susu, “Developing a Decision Support 

System for Integrated Production in Agriculture,” Preprint 

submitted to Environmental Modelling and Software, 10 

January 2003. 

[6]. D.J. Power, R. Sharda, and F. Burstein, “Decision Support 

Systems,” Management Information Systems, Published Online, 

vol. 7, 21 Jan. 2015 DOI: 

10.1002/9781118785317.weom070211  

[7]. Nam Nguyen, Malcolm Wegener, and Iean Russell, “Decision 

support systems in Australian agriculture: state of the art and 

future development,” International Association of Agricultural 

Economists Conference, Gold Coast, Australia, August 12-18, 

2006.  

[8]. P.P. Mumba, and E. Kambwiri, “Water Quality of Irrigation 

Water into and out of an Irrigated Sugar Cane Plantation,” 

Asian Journal of Water, Environment and Pollution, IOS Press. 

2013.  

[9]. E Ostrom, WF Lam, and M Lee, “The Performance of Self 

Governing Irrigation Systems in Nepal,” Human Systems 

Management, IOS Press, 1994.   

[10]. Mirschel W, Wenkel K-O, Berg M, Wieland R, Nendel C, 

Köstner B, Topazh AG, Terleev VV, and Badenko VL, (2016) 

“A spatial model-based decision support system for evaluating 

agricultural landscapes under the aspect of climate change,” L. 

Mueller et al. (Eds), Springer, Cham, pp 519–540 (Chapter 23 

of this book). 
 

 
Authors Profile 

Monika Varshney is an Assistant Professor with 

Dr. Bhimrao Ambedkar University, Agra, India 

and enrolled in Ph.D. (C.S.E.) from , Mewar 

University, Gangar, Chittorgarh (Raj) India.  She 

received her M.C.A. from IGNOU, New Delhi, 

India in the year 2008. Her research interest 

includes Data mining, Data Base Management 

System, Algorithm development and Decision Support System etc. 

 

Azad Shrivastava is Professor at Department of 

Computer Science, Mewar University, Gangar, 

Chittorgarh (Raj) India. He did his Ph.D. from 

‘Atal Behari Vajpayee-Indian Institute of 

Information Technology and Management’, 

Gwalior, Madhya Pradesh, India in the year 

2009. He has an academic, research, and 

industry experience of about 14 years. He has been associated with 

CMC Ltd., TCS, AETPL. His areas of interest include Deep 

Learning, Machine learning, AI and NN & Big data on CPU & 

GPU Cluster for DWH & IOT etc. 

 

 

Alok Aggarwal received his bachelors’ and 

masters’ degrees in Computer Science & 

Engineering in 1995 and 2001 respectively and 

his PhD degree in Engineering from IIT 

Roorkee, Roorkee, India in 2010. He has 

academic experience of 18 years, industry 

experience of 4 years and research experience of 5 years. He has 

contributed more than 150 research contributions in different 

journals and conference proceedings. Currently he is working with 

University of Petroleum & Energy Studies, Dehradun, India as 

Professor in CSE department. 

 

 


