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Abstract - A system for evaluating land suitability using fuzzy logic method has been developed. The system determines a 
degree of land suitability subclasses of given land characteristics. The main parts of the evaluation process, which included 
in the fuzzy inference engine of the knowledge based system, are fuzzification and defuzzification. The results of shows that 
the system can evaluate the land suitability for different types of crops of given land characteristics or vice versa. The 
evaluated rating indicates the degree of suitability for crops to be cultivated on a given land area with the existing condit ions. 

 

Index terms - Fuzzification, Defuzzification, Fuzzy Inference System 

 

I. INTRODUCTION 

 

Agriculture is one of the most primitive occupation of 

civilized man. A country’s development and growth 

depends upon the agriculture. With the development 
in civilization the advancement in agriculture has also  

grown. Nowadays population is growing at a rapid  

rate. Inorder to meet the growing food demands the 

agriculture activities must also be increased. Today’s 

main limiting factor for agriculture is land. Since 

urbanization has grown at an exponential rate, the 

availability of land for agriculture has grown rapidly 

down.  

 

So farming community should tackle this challenge 

by cultivating in the available land. For that the 
suitability of the available land must be evaluated. 

Land evaluation is a process for matching the 

characteristics of land resources for certain uses using 

a scientifically standardized technique. The results 

can be used as a guide by land users and planners to 

identify alternative land uses. Land Suitability is the 

degree of appropriateness of land for a certain use. 

Land suitability could be assessed for present 

condition (Actual Land Suitability) or after 

improvement (Potential Land Suitability). Actual 

Land suitability is a land suitability that is based on 

current soil and land conditions, i.e. without applying 
any input. 

 

The information is based on physical environment 

data generated from soil or land resources surveys. 

The information is based on soil characteristics and 

climate data related to growth requirements of crops 

being evaluated. Potential Land Suitability is the 

suitability that could be reached after the land is 

improved. Since human health is a major concerning 

factor, use of natural methods for land improvement 

is far better than using chemical fertilizers, pesticides 
and other means. The major factors considered for 

evaluating the land suitability are soil fertility, rainfall 

and temperature. Soil fertility is an important factor 

for land suitability. Crops could grow only in a fertile 

land. The amount of nutrients and minerals in the soil 

will be a major factor for the growth of specific types 

of crops. Evaluating the soil fertility is thus indeed a 

major step for land suitability evaluation. Another 
major factor includes rainfall. The annual rainfall of 

certain land areas will decide which crops could be 

grown on that land. The temperature of a certain land 

area also decides the types of crops that would be 

suitable. In this paper, we attempt to create a fuzzy 

inference system to evaluate the suitability of the land 

for agriculture. The inference is made based on the 

soil fertility, rainfall and temperature. 

 

II. PROPOSED WORK 

 
Fuzzy inference is the process of formulating the 

mapping from a given input to an output using fuzzy 

logic. The mapping then provides a basis from which 

decisions can be made, or patterns discerned. The 

process of fuzzy inference involves: membership 

functions, fuzzy logic operators, and if-then rules. 

There are two types of fuzzy inference systems that 

can be implemented in the Fuzzy Logic Toolbox: 

Mamdani-type and Sugeno-type.  

 

These two types of inference systems vary somewhat 

in the way outputs are determined. Fuzzy inference 
systems have been successfully applied in fields such 

as automatic control, data classification, decision 

analysis, expert systems, and computer vision. 

Because of its multidisciplinary nature, fuzzy 

inference systems are associated with a number of 

names, such as fuzzy-rule-based systems, fuzzy 

expert systems, fuzzy modeling, fuzzy associative 

memory, fuzzy logic controllers, and simply (and 

ambiguously) fuzzy systems. Mamdani's fuzzy 

inference method is the most commonly seen fuzzy 

methodology. Mamdani-type inference expects the 
output membership functions to be fuzzy sets. After 

the aggregation process, there is a fuzzy set for each 

output variable that needs defuzzification. It's 
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possible, and in many cases much more efficient, to 

use a single spike as the output membership functions 
rather than a distributed fuzzy set. This is sometimes 

known as a singleton output  membership function, 

and it can be thought of as a pre-defuzzified fuzzy 

set. It enhances the efficiency of the defuzzification 

process because it greatly simplifies the computation 

required by the more general Mamdani method, 

which finds the centroid of a two-dimensional 

function. Rather than integrating across the two-

dimensional function to find the centroid the 

weighted average of a few data points are used. 

Sugeno-type systems support this type of model. In 

general, Sugeno-type systems can be used to model 
any inference system in which the output membership 

functions are either linear or constant. The various 

phases in the land suitability evaluation using fuzzy 

inference system are: 

 

Fuzzification 

Fuzzification is the first step in the fuzzy inference 

process. This involves a domain transformation 

where crisp inputs are transformed into fuzzy inputs. 

Crisp inputs are exact inputs measured by sensors and 

passed into the control system for processing, such as 
temperature, pressure, rpm's, etc... Each crisp input 

that is to be processed by the FIU has its own group 

of membership functions or sets to which they are 

transformed. This group of membership functions 

exists within a universe of discourse that holds all 

relevant values that the crisp input can possess. The 

following shows the structure of membership 

functions of the input parameters and the output 

parameter. 

 
Fig 1: Fuzzy Inference System 

 

Evaluation of the antecedent part of the rule 

The membership function of the limitation level is 

derived from the generated rules, truncated at the 

height corresponding to the computed truth premise 

value using the respective rule. 

Fuzzy rule evaluation 

A consequent is a fuzzy set represented by a 

membership function, which weights appropriately 

the linguistic characteristics that are attributed to it. 

The consequent is reshaped using a function 

associated with the antecedent (a single number). The 
input for the implication process is a single number 

given by the antecedent, and the output is a fuzzy set. 

Implication is implemented for each rule. Two builtin 

methods are supported, and they are the same 

functions that are used by the AND method: min 

(minimum), which truncates the output fuzzy set, and 

prod (product), which scales the output fuzzy set. 

 

Aggregation of the fuzzy outputs 

Because decisions are based on the testing of all of 

the rules in a FIS, the rules must be combined in 

some manner in order to make a decision. 
Aggregation is the process by which the fuzzy sets 

that represent the outputs of each rule are combined 

into a single fuzzy set. Aggregation only occurs once 

for each output variable, just prior to the fifth and 

final step, defuzzification. The input of the 

aggregation process is the list of truncated output  

functions returned by the implication process for each 

rule. The output of the aggregation process is one 

fuzzy set for each output variable. Three built-in 

methods are supported:  

 Sum (simply the sum of each rule’s output) 
 Max (maximum) 

 

Defuzzification 

The input for the defuzzification process is a fuzzy 

set (the aggregate output fuzzy set) and the output is a 

single number. As much as fuzziness helps the rule 

evaluation during the intermediate steps, the final 

desired output for each variable is generally a single 

number. However, the aggregate of a fuzzy set 

encompasses a range of output values, and so must be 

defuzzified in order to resolve a single output value 

from the set.There are five built-in defuzzification 
methods supported: centroid, bisector, middle of 

maximum (the average of the maximum value of the 

output set), largest of maximum, and smallest of 

maximum. Perhaps the most popular defuzzification 

method is the centroid calculation, which returns the 

center of area under the curve. 

 

III. IMPLEMENTATION 

 

Fuzzy inference is the process of formulating the 

mapping from a given input to an output using fuzzy 
logic. The mapping then provides a basis from which 

decisions can be made, or patterns discerned. The 

process of fuzzy inference involve: membership 

functions, fuzzy logic operators, and if-then rules. In 

this project we have used Mamdani based fuzzy 

inference system for land suitability evaluation. 

 

Input parameters 

The input parameters used for land suitability 

evaluation includes soil fertility, rainfall and 

temperature. We have used triangular membership 

functions for each of the parameters. The linguistic 
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variables used for the input soil fertility includes low, 

medium and high. The linguistic variable used for 
rainfall is low, moderate and high and that for 

temperature includes cold, medium and hot. 

 

Output parameters 

The land suitability is the output parameter for this 

project. We calculate the land suitability using the 

fuzzy inference system. Trapezoidal membership 

functions are used for this purpose. The linguistic 

variables used includes: poor, average, good and 

excellent. 

 

Rules Used 
The various if-then rules used in this project are: 

 

1. If soil fertility is low and temperature is cold and 

rainfall is low then land suitability is poor. 

2. If soil fertility is low and temperature is medium 

and rainfall is low then land suitability is poor. 

3. If soil fertility is low and temperature is hot and 

rainfall is low then land suitability is poor. 

4. If soil fertility is low and temperature is cold and 

rainfall is moderate then land suitability is poor. 

5. If soil fertility is low and temperature is cold and 
rainfall is high then land suitability is average. 

6. If soil fertility is low and temperature is cold and 

rainfall is low then land suitability is poor. 

7. If soil fertility is low and temperature is medium 

and rainfall is low then land suitability is poor. 

8. If soil fertility is low and temperature is hot and 

rainfall is low then land suitability is poor. 

9. If soil fertility is low and temperature is cold and 

rainfall is moderate then land suitability is poor. 

10. If soil fertility is low and temperature is cold and 

rainfall is high then land suitability is average. 

11. If soil fertility is low and temperature is medium 
and rainfall is moderate then land suitability is 

good. 

12. If soil fertility is low and temperature is medium 

and rainfall is high then land suitability is 

average. 

13. If soil fertility is low and temperature is hot and 

rainfall is moderate then land suitability is poor. 

14. If soil fertility is low and temperature is hot and 

rainfall is high then land suitability is poor. 

15. If soil fertility is medium and temperature is cold 

and rainfall is low then land suitability is poor. 
16. If soil fertility is medium and temperature is cold 

and rainfall is moderate then land suitability is 

average. 

17. If soil fertility is medium and temperature is cold 

and rainfall is high then land suitability is poor. 

18. If soil fertility is medium and temperature is 

medium and rainfall is low then land suitability 

is excellent. 

19. If soil fertility is medium and temperature is 

medium and rainfall is moderate then land 

suitability is excellent. 

20. If soil fertility is medium and temperature is 

medium and rainfall is high then land suitability 
is average. 

21. If soil fertility is medium and temperature is hot 

and rainfall is low then land suitability is poor. 

22. If soil fertility is medium and temperature is hot 

and rainfall is moderate then land suitability is 

good. 

23. If soil fertility is medium and temperature is hot 

and rainfall is high then land suitability is 

average. 

24. If soil fertility is high and temperature is cold and 

rainfall is low then land suitability is good. 

25. If soil fertility is high and temperature is cold and 
rainfall is moderate then land suitability is 

excellent. 

26. If soil fertility is high and temperature is cold and 

rainfall is high then land suitability is average. 

27. If soil fertility is high and temperature is medium 

and rainfall is low then land suitability is 

excellent. 

28. If soil fertility is high and temperature is medium 

and rainfall is moderate then land suitability is 

excellent. 

29. If soil fertility is high and temperature is medium 
and rainfall is high then land suitability is good. 

30. If soil fertility is high and temperature is hot and 

rainfall is low then land suitability is average. 

31. If soil fertility is high and temperature is hot and 

rainfall is moderate then land suitability is 

excellent. 

32. If soil fertility is high and temperature is hot and 

rainfall is high then land suitability is average. 

33. If soil fertility is high and rainfall is moderate 

then land suitability is excellent. 

34. If soil fertility is medium and temperature is 

medium then land suitability is good. 
35. If soil fertility is medium and rainfall is moderate 

then land suitability is excellent. 

36.  

 
Fig 2: Fuzzy Inputs and Outputs 

The various phases in the land suitability evaluation 

using fuzzy inference system are: 
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Fuzzification 

 

 
Fig 3: Fuzzified Input for Soil Fertility 

 

Fuzzification is the first step in the fuzzy inference 

process. Each of the crisp inputs are converted into 

their corresponding fuzzy values such as temperature, 

rainfall and soil fertility. The following shows the 

structure of membership functions of the input 

parameters and the output parameter. 

 

Evaluation of the antecedent part of the rule 

In this project we have used if-then rules with the 

AND operator. So min inference is done in this part. 

 

Fuzzy rule evaluation 

The fuzzy rules are evaluated and their corresponding 

truncated fuzzy outputs are obtained. 

 

Defuzzification 

The aggregated outputs are then defuzzified to obtain 

a single output value. Here centroid method is used 

for defuzzification. 

 

 
Fig 4: Fuzzified Input for Temperature 

 

Fig 5: Fuzzified Input for Rainfall 

 
Fig 6: Fuzzified Output of Land Suitability 

 

CONCLUSION 

 

A scientific method for finding the degree of 

appropriateness of land for a certain use is proposed. 

Land evaluation is a process for matching the 
characteristics of land resources for certain uses using 

a scientifically standardized technique. The fuzzy 

inference system defined in this work helps to 

evaluate the suitability of a land for cultivation. In 

this project we tried to create the land evaluation 

based on soil fertility, rainfall and temperature. The 

results can be used as a guide by land users and 

planners to identify alternative land uses. 
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