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Abstract— This paper presents the comparison of 
tracking performance of fuzzy controller with 
conventional controller to control DC-DC Converter 
which employs five and seven membership functions in 
each input variable and output variable. Based on a 
qualitative description of the system to be controlled, 
fuzzy controllers are capable of good performances, 
even for those systems where linear control techniques 
fail. The fuzzy controller is able to achieve faster 
transient response in most tests and more stable steady-
state response. The effectiveness of fuzzy Controller 
over the conventional Controller is shown in simulation 
results for DC-DC buck Converter by choosing 
triangular and trapezoidal membership functions. 

 
Index Terms—Buck converter, Fuzzy Controller, 
Membership Functions, Non linear System  
 

I. INTRODUCTION 

It is necessary to convert a fixed-voltage DC source into 
a variable-voltage DC source. A DC–DC converter 
converts directly from DC to DC and is simply known as 
a DC converter. It is well known that switching DC–DC 
converters are highly non-linear systems with uncertain 
circuit parameters and variable input and output 
operating conditions. Consequently, the regulation of the 
converters can be a difficult task, especially when the 
operating range is large. Because of the non-linear nature 
of the converter there is a necessity of controller for DC-
DC converter system A completely different approach is 
offered by the fuzzy logic control which does not require 
a precise mathematical modeling of the system nor 
complex computations. This control technique relies on 
the human capability to understand the system’s 
behavior and is based on qualitative control rules. This 
approach relies on basic physical properties of  
 
the systems, and it is potentially able to extend control 
capability even to those operating conditions where 
linear control techniques fail, i.e., large signal dynamics 
and large parameter variations. Of course, fuzzy 
controllers cannot provide, in general, better small signal 
response than standard regulators. However, since fuzzy 

control is based on heuristic rules, application of non 
linear control laws to face the nonlinear nature of dc–dc 
converters is easy. 
This paper organized as follows, Section 2 describes the 
principal of operation of a buck converter. Section 3 
describes components of fuzzy PD controller fuzzy 
control rules, Section 4 describes the fuzzy rules Section 
5 presents computer simulations Section 6 presents 
conclusion Section 7 References 

II. OPERATION OF BUCK CONVERTER 

 
A buck converter is a step-down DC to DC converter 
 

 
           Circuit diagram for Buck converter 
 

Principle of operation: 

A buck converter operates in continuous mode if the 
current through the inductor (IL) never falls to zero 
during the commutation cycle. The operating modes can 
be explained as, when the switch pictured above is 
closed the voltage across the inductor is VL = Vi − Vo. 
The current through the inductor rises linearly. As the 
diode is reverse-biased by the voltage source V, no 
current flows through it. 

 When the switch is opened, the diode is forward 
biased. The voltage across the inductor is VL = − 
Vo (neglecting diode drop). Current IL decreases. 

The energy stored in inductor L is 

 

Therefore, it can be seen that the energy stored in L 
increases during On-time (as IL increases) and then 
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decreases during the Off-state. L is used to transfer 
energy from the input to the output of the converter. 

The rate of change of IL can be calculated from: 

 

With VL equal to Vi − Vo during the On-state and to − Vo 
during the Off-state. Therefore, the increase in current 
during the On-state is given by: 

 

Identically, the decrease in current during the Off-state is 
given by: 

 

If we assume that the converter operates in steady state, 
the energy stored in each component at the end of a 
commutation cycle T is equal to that at the beginning of 
the cycle. That means that the current IL is the same at 
t=0 and at t=T. So we can write from the above 
equations: 

 

It is worth noting that the above integrations can be done 
graphically: In figure 4, is proportional to the area 
of the yellow surface, and to the area of the orange 
surface, as these surfaces are defined by the inductor 
voltage (red) curve. As these surfaces are simple 
rectangles, their areas can be found easily:   
for the yellow rectangle and − Votoff for the orange one. 
For steady state operation, these areas must be equal. 

As can be seen on figure 4,  
and . D is a scalar called the duty cycle 
with a value between 0 and 1. This yields: 

 

From this equation, it can be seen that the output voltage 
of the converter varies linearly with the duty cycle for a 
given input voltage. As the duty cycle D is equal to the 
ratio between tOn and the period T, it cannot be more 
than 1. Therefore, . This is why this converter is 
referred to as step-down converter. 

 

III Configuration of the fuzzy PD controller 
 
The simple fuzzy PD controller consists of two inputs 
and one output. The input variables are error and change 
of error (rate, for short) of process output with respect to 
output set point. They are denoted as follows:  
 

)nt(y)nT(sp)nT(e   
)TnT(e)nT(e)nT(r   

 
Where n is positive integer, T is sampling period and 

)nT(sp  is the set point. We denote ),nT(e  )nT(r  and 

)nT(y  as error, rate and process output, respectively. 

Each of the two input variables is fuzzified by two input 
fuzzy sets, named “positive” and “negative”, and the 
output has three fuzzy sets, named as “positive”, “zero” 
and “negative”, whose membership functions are shown 
in figures 2 
 

 
Fig.1 shows the triangular 5 membership functions of the 

error, input 
 

 
 
Fig.2 shows the triangular 7 membership functions of the 

error, output 
 

 
 

Fig.3 shows the trapezoidal 5 membership functions of 
the error, output 
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Fig.4 shows the trapezoidal 7 membership functions of 
the error, output 

 
The components of fuzzy controller include:  
 

1. The input scalers GE,GR and output scalar GU;  
2. A fuzzification algorithm for scaled error, scaled 

rate and output; 
3. The fuzzy control rules; 
4. fuzzy logic used for evaluating the fuzzy control 

rules; and  
5. Defuzzification algorithm used for getting crisp 

output from the fuzzy set “output”. 
 

IV   Structure of fuzzy logic controller 
 
The structure of proposed PD like FBC mainly consists 
of normalization, fuzzification, and membership function 
definition, rule base, defuzzification and 
denormalization. Structure of FLC is designed to control 
the output of buck converter using Mamdani model 
fuzzy inference system. 
 
Two input variables, error (e) and change of error (de) 
are used in this fuzzy logic system. The single output 
variable (u) is duty cycle of PWM output. We defined 
input variables of fuzzy inference system as following. 
 
e(k) = ysp - y(k) (1) 
de(k) = e(k) – e(k-1) (2) 
 
where e(k) is error at any instant k, ysp is the reference 
voltage, y(k) is the actual voltage, de(k) is the change in 
error at the kth instant, u(k) is the control output that 
corresponds to duty cycle of PWM. The term set for 
input variables (e, de) and output variable has 7 & 5 
linguistic values, namely NB, NM, NS, Z, PS, PM, PB 
as defined in Table I. All these Fuzzy Sets are selected 
as overlapping isosceles triangles and the range of each 
linguistic value for all the variables (input and output) 
are determined. 
 
First all the possible data i.e. error, change of error and 
corresponding duty cycle is collected by the sample run 
of fuzzy program(offline), based on the membership 

function defined by the previous knowledge about the 
process being controlled. Then by the mean of this data, 
width of each triangle ,representing the linguistic 
variable, is optimized, and keeping the centre of the 
triangle fixed . Both the input variables are defined on 
the normalized domain of [-1 1] and output variable are 
defined on the normalized domain of [-2 2] for both 
generating the data, which is given to the genetic module 
as well as for the membership function obtained after 
offline tuning. 
 
Table I Linguistic variables and their definitions 
 

Sno Term                Definition 
1 NB NEGATIVE BIG 
2 NM NEGATIVE MEDIUM 
3 NS NEGATIVE SMALL 
4 ZE ZERO
5 PS POSITIVE SMALL 
6 PM POSITIVE MEDIUM 
7 PB POSITIVE BIG 

 
Table II 
Rule table for 25 Rules for error and change of error 
 

de\error NM NS ZE PS PM
NM NM NM NM NS ZE
NS NM NM NS ZE PS
ZE NM NS ZE PS PM
PS NS ZE PS PM PM
PM ZE PS PM PM PM

 
Table III 
Rule table for 49Rules for error and change of error 
 
de\error NB NM NS ZE PS PM PB
NB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB

           
V  Simulation Results 

 
The basic block diagram for the simulation conventional 
PD Buck Converter is shown in Figure5. The Simulink 
block diagram of Fuzzy Controller Buck Converter that 
is the proposed scheme is shown in Figure 6 
 
The problem with PD like FBC is that when actual 
voltage become equal to that of reference voltage, then 
at that instant error and change of error should be zero 
and since we choose the range of output variable for 
FBC is [-2 2] then output of FBC is 0.5, means 50% duty 
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cycle and correspond to this duty cycle buck converter 
shows 4.545V, different from desired one. In order to 
overcome this problem, the operation of buck converter 
in the continuous conduction mode is exploited by 
adding the gain (of 1/4.545) in the output of the FBC and 
multiplying the output of this gain with the reference 
voltage 5V.With this when the output value 0.5 of the 
FBC  correspond  to the value of desired reference 
voltage, this hold for each reference voltage for which 
buck remains in continuous conduction mode. 
 

 
Fig-5 The Block diagram of conventional PD Buck  
Converter  
 

 
 
Fig-6 The Block diagram of Fuzzy Controller Buck 
Converter  
                  

 
Fig-7   Simulation of Buck Converter using PD 

Controller 

 

 
Fig-8 Simulation of Buck Converter using triangular and 

Trapezoidal five membership functions. 
 

 
Fig-9 Simulation of Buck Converter using triangular and 

Trapezoidal seven membership functions. 
 

 
 

Fig-10 Simulation of Buck Converter using Trapezoidal 
five and seven membership functions . 
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Fig-11 Simulation of Buck Converter using Triangular 
five and   seven  membership functions 

 
VI Conclusions 

 
Because of inherent robustness has attracted 
considerable research for DC-DC converters. We have 
described the basic steps that needed for tracking 
performance of the fuzzy PD controller. Here we have 
considered the comparison between a conventional PD 
buck converter and a fuzzy PD buck converter using 
trapezoidal and triangular five and seven membership 
functions. We observe the settling time is less for Fuzzy 
PD buck converter using Trapezoidal 7 membership 
functions when compared with the other fuzzy controller 
and conventional PD controller. We have shown some 
computer simulation results, for different membership 
functions of the buck converter which demonstrate the 
advantage of the fuzzy PD controller over the 
conventional PD controller. The conventional PD 
controller does not show any reasonable result for 
example of buck converter where as Fuzzy PD controller 
is giving better results. These results show the improved 
dynamic response during the startup, reference change 
and drastic load changes. 
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