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Abstract:This paper describes the performance evaluation of fuzzy logic controller in Biodiesel Production 
system using MATLAB Simulink and MATLAB Fuzzy Logic Toolbox.Biodiesel (fatty acid alkyl esters) is 
derived from triglycerides by transesterification with alcohol, has attracted considerable attention during the 
past decade as a renewable, biodegradable, and nontoxic fuel. Vegetable oils are produced from numerous oil 
seed crops and many of them are used for edible purpose. The oil obtained from Sal seeds (Shorea Robusta) 
even though used by local tribes in Indian forests for edible purpose, it is still classified as non-edible oil. Sal 
tree is abundantly available in forests of Indian subcontinent and this wood is used in building construction and 
manufacture of furniture because of its characteristic hardness.In this paper maximum output yield-Biodiesel 
Production has been done (SOME-Sal Oil Methyl Esters) by optimizing reaction parametersin relation to the 
Excess Methanol Quantity (EMQ,150%),Reaction Temperature(RT,65C) ,Catalyst Quantity(CQ,NaOH - 0.25 
W%) by Max-Min (MAMDANI)MethodFuzzy Inference System using the Fuzzy Logic Toolbox Graphical 
User Interface (GUI) Tools of MATLAB (Intelligent System).  
 
Keywords:Biodiesel,Sal Oil Methyl Ester(SOME),Transesterification, Fuzzy Logic Control etc. 
 
Introduction :The authors believe that the establishment of a biodiesel production industrial unit which will 
use sal oil as a plant raw material .In this paper the biodiesel production at a biodiesel plant in relation to the 
excess methanol quantity, Reaction Temperature, Catalyst Quantity and ExceptedOutputyield was estimated by 
the building a Mamdani-type fuzzy inference system using the Fuzzy Logic Toolbox Graphical User Interface 
(GUI) Tools of Matlab (Intelligent system).  
 
Sal Oil(Shorea Robusta) :Even though Rudolf Diesel fueled the first diesel engine with vegetable oil, but 
it leads to several problems [1-3] such as injector fouling, carbon deposit and piston ring sticking etc for long 
run [4]. These problems are mainly due to high viscosity of vegetable oil [2]. Significant research has been 
carried out on various vegetable oils such as rapeseed oil [5], jatropha oil [6], soybean oil [7], sunflower oil [8], 
and mahua oil [9] as a diesel fuel. Being an agricultural country, India has enormous potential for non-edible 
oils such as Mahua, Sal, Neem, Jatropha, Kusum and Karanja, as a source of energy. Among these non-edible 
oil, the Sal oil availability is, 150,000 Metric Tones per annum and a half of its quantity used for the preparation 
of coco butter substitute.  The rest of low grade oil can be used for the preparation of diesel substitute.Sal tree is 
well known for its different use. Sal timber is widely used in constructional work, railway sleeper, ship building 
industry in place of imported douglas fir. Sal bark is a promising tanning material. Since all vegetable oils are 
potential resource for biodiesel, and this oil can be used for the preparation of biodiesel to satisfy at least a part 
of the fuel demand in India. Different processes like blending, micro emulsion, pyrolysis and transesterification 
are employed to use vegetable oils in diesel engine. One of the main objectives of all these process is to reduce 
viscosity to the viscosity of diesel fuel. The best way to use vegetable oil is, its derivative called ester, by a 
known process called transesterification.  Transesterification is a reaction between a triglyceride and alcohol in 
presence of a catalyst, which will give a fatty acid ester and glycerol. This fatty acid ester is known as biodiesel, 
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which can be used as fuel in diesel engine. Objective of the present study is to standardize a process for the 
preparation of biodiesel from Sal oil and to study its performance and emission in direct injection diesel engine. 
 
Working with the Fuzzy Logic Toolbox  
 
The Fuzzy Logic Toolbox provides apps to let you perform classical fuzzy system development and pattern 
recognition. In general, using the Fuzzy Logic Toolbox, you can [11-12]:  

 Develop and analyze fuzzy inference systems  

 Develop adaptive neurofuzzy inference systems  

 Perform fuzzy clustering.  

 
What Are Fuzzy Inference Systems?  
 
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, Logical Operations and If-Then Rules. Two types of fuzzy 
inference systems 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 [13-15].  
 
Mamdani-type inference is a type of fuzzy inference in which the fuzzy sets from the consequent of each rule 
are combined through the aggregation operator and the resulting fuzzy set is defuzzified to yield the output of 
the system. Sugeno-type inference is a type of fuzzy inference in which the consequent of each rule is a linear 
combination of the inputs. The output is a weighted linear combination of the consequents. Mamdani's fuzzy 
inference method is the most commonly seen fuzzy methodology. Mamdani's method was among the first 
control systems built using fuzzy set theory. It was proposed in 1975 by EbrahimMamdani [13] as an attempt to 
control a steam engine and boiler combination by synthesizing a set of linguistic control rules obtained from 
experienced human operators. Mamdani's effort was based on LotfiZadeh's 1973 paper on fuzzy algorithms for 
complex systems and decision processes [18].  
 
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 is possible, and in many cases 
much more efficient, to use a single spike as the output membership function rather than a distributed fuzzy set. 
This type of output 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 is used. In general, Sugeno-type systems can be used to model any inference system in 
which the output membership functions are either linear or constant [17-18].  
 
Fuzzy inference systems have been successfully applied in fields such as automatic control, data classification, 
decision analysis, expert systems and computer vision. Because of their 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 [19-20].  
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Methodology  
Fuzzy Logic Toolbox GUI Tools to build a Mamdani-Type Fuzzy Inference System  
 
The Fuzzy Logic Toolbox Graphical User Interface (GUI) Tools were used in this paper to build a Mamdani-
type fuzzy inference system (FIS). The following GUI tools were used to build, edit and view the fuzzy 
inference system:Fuzzy Inference System (FIS) Editor to handle the high-level issues for the system—How 
many input and output variables? What are their names? Fuzzy Logic Toolbox software does not limit the 
number of inputs. However, the number of inputs may be limited by the available memory of the machine. If 
the number of inputs is too large or the number of membership functions is too big, then it may also be difficult 
to analyze the FIS using the other tools. Membership Function Editor to define the shapes of all the membership 
functions associated with the input and output variables of the FIS.  
 
Rule Editor to edit the list of rules that defines the behavior of the system using full English-like syntax. Rule 
Viewer to view the fuzzy inference diagram. Rule Viewer is used as a diagnostic to see, for example, which 
rules are active or how individual membership function shapes influence the results. Rule Viewer lets you view 
the detailed behavior of a FIS to help diagnose the behavior of specific rules or study the effect of changing 
input variables. Surface Viewer to view the dependency of one of the outputs on any one or two of the inputs. It 
generates and plots an output surface map for the system. Surface Viewer generates a 3-D surface from two 
input variables and the output variable of a FIS. 
 

 
 
 
Figure 1:A MAMDANI-TYPE FUZZY INFERENCE SYSTEM USING THE FUZZY LOGIC TOOLBOX 
GRAPHICAL USER INTERFACE (GUI) TOOLS. THE MEMBERSHIP FUNCTION EDITOR (TOP RIGHT), 
FIS EDITOR (CENTER), RULE EDITOR (TOP LEFT), RULE VIEWER (BOTTOM LEFT) AND SURFACE 
VIEWER (BOTTOM RIGHT) 
 
The Problem  
 
Given threesets of numbers, the first one between 50% and 150%is excess methanol quantity and the second 
one is reaction temperature between 50cand65c and third one is catalyst quantity between 0.1% to 
0.35%.Then what should the maximum production of biodiesel be?  
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Results & Discussion  
 
Building of a Mamdani-Type Fuzzy Inference System  
 
Rule Formulation Model-1 
 
RT CQ                                EMQ EXPECTED YIELD 

L  L L L 
L  M L L 
 L  H L L 
M  L L L 
M H L L 
 H L L M 
 H M                      M L M 
 H HH                     H L M 
M M L M 

 
 
Rule Formulation Model-2 
 
RT CQ EMQ EXPECTED YIELD 

M L L M 
M L H M 
M M L M 
M M H M 
M H L M 
M H M M 
M H H H 
M M M M 
M L M M 

 
 
Rule Formulation Model-3 
 

 CQ  EXPECTED YIELD 
H L L L 
H L M M 
H L H H 
H M L M 
H M H H 
H H L H 
H H M H 
H H H H 
H M M M 
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Fuzzy Approach:There were 27 rules were formulated out of that the following are the 3 rules samples: 
 

 If EMQ(Excess Methanol Quantity) is Small/Low,RT(Reaction Temperature) is Low and CQ 
(Catalyst Quantity) is Low, then the production of biodiesel is low. 

 If EMQ (Excess Methanol Quantity) is Medium, RT (Reaction Temperature) is Medium and CQ 
(Catalyst Quantity) is Medium, then the production of biodiesel is Medium. 

 If EMQ (Excess Methanol Quantity) is High, RT (Reaction Temperature) is High and CQ 
(Catalyst Quantity) is High, then the production of biodiesel is High. 

 
The four basic steps for building and simulating of a fuzzy logic system are the following [12, 18, 21]:  
 

 Defining inputs and outputs;  
 Creating membership functions;  
 Creating rules;  
 Simulating the results of a fuzzy logic system.  

 
Defining Inputs and Outputs  
The Mamdani-type fuzzy inference system was selected in the FIS Editor. This problem has 3 input variables 
and 1 output variable. The input 1 variable is the “Excess Methanol Quantity”. The input 2 variable is the 
“Reaction Temperature”. The input 3 variable is the “Catalyst Quantity” The output variable is the “maximum 
yield-Biodiesel Production(SOME-Sal Oil Methyl Esters)” (Fig. 2). 
 
 

 
 

Figure-2:FUZZY MODEL SCREEN 
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Figure-3:MEMBER FUNCTION EDITOR SCREEN 
 

 
 

Figure-4: RULE EDITOR SCREEN 
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Figure-5:MEMBER FUNCTION EMQ(EXCESS METHANOL QUANTITY) SCREEN 
 
 

 
 

Figure-6:MEMBER FUNCTION RT (REACTION TIME) SCREEN 
 

 
 

Figure-7:MEMBER FUNCTION CQ (Catalyst Quantity)SCREEN 
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FIGURE-8: THE RULE VIEWER SCREEN-1(WITH LOWEST % OF YIELD-67.6) 
 

 

 
 

FIGURE-9: THE RULE VIEWER SCREEN-2 (WITH HIGHEST % OF YIELD-86.6) 
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FIGURE-10: SURFACE VIEWER  CQ-RT-YIELD SURFACE  PLOT 
 

 
 

FIGURE-11: SURFACE VIEWER EMQ-CQ-YIELD SURFACE PLOT 
 

 
 

FIGURE-12: SURFACE VIEWER EMQ-RT-YIELD PLOT 
 
The Surface Viewer (Fig. 10,11,12) displays surfaces that represents a mapping from the “CQ-RT-YIELD”, 
“EMQ-CQ-YIELD” and the “EMQ-RT-YIELD”. 
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Conclusions:A detailed study was made to prepare SOME from refined Sal oil by transesterification process. 
The optimum process condition for transesterification with methanol and NaOH as catalyst was found to be 
excess methanol of 150%, reaction time of 1.5 hrs, amount of catalyst 0.25 w% and reaction temperature of 65 o 
C. Fuzzy inference is a method that interprets the values in the input vector and based on user-defined rules, 
assigns values to the output vector. Using the editors and viewers in the Fuzzy Logic Toolbox, the rules set 
were built, the membership functions were defined and the behavior of the fuzzy inference system (FIS) was 
analyzed. In this paper the biodiesel production in relation to the Excess Methanol Quantity ,Reaction 
Temperature,CatalystQuantitywas estimated by the building a Mamdani-type fuzzy inference system using the 
Fuzzy Logic Toolbox Graphical User Interface (GUI) Tools of Matlab (Intelligent system) were 60% low,85% 
medium and 92% high.  
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