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Abstract: Now a days, Fuzzy logic control (FLC) is used more in process control applications. The DC/DC
converters are drastically used in industry as well as in research but the main limitations of these converters
are unregulated supply of voltage and current. In this review, we have summarized fuzzy logic and the fuzzy
control algorithm for regulating non isolated DC/DC converters. Although there are so many popular control
techniques like Proportional Integral Differential (PID) controller, Artificial neural network controller and fuzzy
logic controller etc, the review shows that fuzzy logic controller is the best control technique in terms of
simplicity in operation, overshoot limitation and sensitivity.
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INTRODUCTION neural controller where the compensation controller is

Switch mode DC/DC converters convert an and the neural network controller is designed to sufficient
unregulated  DC  input  voltage into a regulated DC an ideal controller. In [24] FLC and FLC tuned by PI
output voltage.  Switching   power   supplies   employs controller has been investigated. It has been concluded
solid state devices such as diodes and transistors to that FLC tuned by PI controller is superior to the other
operate as a switch which is either completely on or control strategies. Comparative study of PID and FCL is
completely off [1]. done for speed control of DC motor [25]. It has been

The two fundamental topologies of switching mode concluded that, Fuzzy controller is the better controller
DC/DC converters are the buck converter and boost than PID controller A survey of  freely  available  and
converter. All other topologies are either buck derived or open source fuzzy systems software in order to provide a
boost derived [2]. well established framework that helps researchers is

The pulse width modulation (PWM) is the most explained in [26]. Research and applications of fuzzy logic
popular technique among different switching control are developing very rapidly. Fuzzy hardware systems
approaches [3, 4]. The controller for the PWM switching have been developed, including fuzzy interface devices.
control is normally Proportional Integral (PI), Proportional We  can get  commercially  available  fuzzy logic chips
Integral Differential (PID) controller. When the overshoot [27-29]. Fuzzy expert system is also available in the market.
in the output voltage decreases, PI and PID controller Fuzzy neuron joins fuzzy systems with neural networks
produces long rise time [4, 5]. So, dynamic response of for learning i.e. for pattern recognition [30-33]. The fuzzy
DC/DC converter using PID controller is not good. Many logic controllers (FLC) play the role of a suitable user
intelligent controllers have been exploited in literature interface resulting in a nonlinear adaptive controller and
such as Fuzzy Logic Control [6-21], neural network control sliding mode controller capable of better than other
[22] and neuro-fuzzy logic control [23]. The neuro-fuzzy control techniques [34-36]. The applications  of fuzzy
logic control includes a compensation controller and a logic control methods are given in [37, 38].

designed to recover the residual of the approximate error
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This study provides an overview of some control
methods of non isolated DC/DC converter and importance
has been given to the FLC method.

Basics of FLC: Fuzzy Logic Controlers (FLC) is one of the
most successful applications of Fuzzy Set Theory, which
was introduced by L.A. Zadeh in 1965. The important
features of FLC are the use of linguistic variables rather
than numerical variables. Linguistic variables are the
variables whose values are sentences in a natural
language (such as small and large), which may be
represented by fuzzy sets [24]. A fuzzy set can be
considered as an extension of a crisp set, where an
element can only belong to a set (full membership) or not
belong at all (no membership). The Fuzzy sets can allow
partial membership i.e. an element may partially belong to
more than one set.

A fuzzy set A is defined by a membership function
 that is assigned, to each object in a given class a grade

of membership to the set. The grade of membership can
range from 0 (no membership) to 1 (full membership). So,
we can write:

: X 0, 1

I.e. the fuzzy set A belongs to a universal set X
(usually called universe of discourse) which is defined in
a specific problem. A fuzzy set A is called fuzzy singleton,
if there is only one element X  with  X ) =1, while all0 0

the other elements have a membership grade which are all
equal to zero. For example, if X is the human height, the
linguistic variable Tall may be the label of a fuzzy set. It
has the membership function  as shown in Figure 1.

By this definition, all the people whose height is
higher than 190 cm have a membership grade of 1, while
those peoples whose height is below 170 cm have zero
membership grade to this set. A man whose height is 180
cm high has a membership grade of 0.5.

This approach makes characterization of the system
behavior through simple relations (fuzzy rules) between
linguistic variables. The Fuzzy rules are expressed in the
form of fuzzy conditional statements Ri of the type:

Ri : IF x is small THEN y is large (2)

where x and y are fuzzy variables and small and large are
the labels of fuzzy sets. If there are n numbers of rules, the
rule set is represented by the union of these rules:

R=R  else R  else……….R (3)1 2 n

Fig. 1: Transgenic Membership function related to the
fuzzy set labeled tall. (13)

Fig. 2: Basic configuration of FLC. (13)

A FLC is based on a collection R of  control  rules.
The basic configuration of FLC is shown in Figure 2 and
comprises four important components: (a) fuzzyfication
interface:  It  converts  its  input  into  information.  (b)
The rule base: It contains the expert’s linguistic
description. (c) The interface mechanism: It evaluates the
control rules which are relevant in the current situation.
(d) The defuzzification interface: It converts the
conclusion from the interface mechanism into the control
input.

Design of Fuzzy Control for DC/DC Converters: There
are two inputs for the fuzzy controller for the DC/DC
converters like buck and boost converters. The first input
is the error in the output voltage which can be expressed
as

e[k]=Ref-ADC[k] (4)

where ADC[k]= The digital value of the kth sample of the
output voltage.
Ref= The digital value corresponding to the desired
output voltage.

The second input is the successive error difference
and is given by

ce[k]= e[k]-e[k-1] (5)
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Fig. 3: First method of duty cycle calculation. (6) Fig. 5: Basic of Buck converter

Fig. 4: Second method of duty cycle calculation. (6) controller. The disadvantage of the first structure is that,

The two inputs are multiplied by the scaling factor g0 gain h has to be tuned to very small values, but a very
and g1 respectively. Then both the inputs are fed into the small output gain h tends to slow down the transient
fuzzy controller. The output of the fuzzy controller is response time because more sampling periods are needed

d[k] which is scaled by linear gain h,where to arrive at the desired duty cycle.

d[k]= change in duty cycle. change of duty cycle is not accumulated at every

For satisfactory response, the scaling factors g0, transient response time. The second structure of fuzzy
g1and h can be tuned properly. controller is a combination of linear and non linear

There are two methods available for calculating the controllers. In Guo et al. (2009), only the second method
new duty cycle from the fuzz controller’s output d[k]. A is applied to the buck converter, while for the boost
block diagram model of the first method to calculate the converter, a combinations of the methods is applied to get
new duty cycle is shown in Figure 3. In this method, the the desired response. During start up transient, to obtain
output d[k] of the fuzzy controller is scaled by the first transient response, the second structure is applied
output gain h and then added to the duty cycle d[k-1] of and during steady state in order to obtain stable steady
the previous sampling period. state response and to reduce steady state error, first

d[k]=d[k-1]+h d[k] (6) was limited between 10% and 90% for buck converter and

It represents a discrete time integration of the fuzzy
controller output. Integrating the output of the fuzzy Fuzzy Controlled Buck Converter: Figure 5 shows the
controller increases the system type and reduces steady basic buck converter. For buck converter, the average
state error. value of output is less than input voltage. Table I shows

The second method for computing the new duty the parameters of the buck converter.The open loop
cycle is shown in Figure 4. In this method, the output of response of the buck converter is shown in Figure 6. We
the fuzzy controller is scaled by h and then added to the are observing that, it takes nearly 4ms to reach at the
output of a parallel integrator. output voltage of 5 V. The controlling of the output is

d[k]=kiI[k]+h d[k] (7) control  method  and FLC method. Table II shows the step

where I[k]=The output of the discrete time integration of
the error e[k].
ki=gain of the integrator.

For eliminating the steady state error, the integrator
is used.

We are observing that, in the first structure of the
fuzzy controller, an integrator is in series with the fuzzy
logic controller, while in the second structure of fuzzy
controller, the integrator is in parallel with the fuzzy logic

to avoid voltage oscillations in steady state, the output

In the second structure of fuzzy controller, the

sampling period. So, the gain h can be increased to reduce

structure is applied. For both methods, the duty cycle d[k]

between 20% and 80% for the boost converter.

tasted by Ziegler Nichols PID control method, IMC PID
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Table I: Parameters of buck converter. (11)

Table II: Step response of all control methods. (11)

Fig. 6: The open loop response of the buck converter. change from 12 V to 24 V for all three controllers. Figure 18
(11)

response of all the control methods and Figure 7 shows
the comparison of step response for all the control
methods.

We are observing that, FLC performs best among all
except when overshoot is considered.

Figure  8    shows     the   line   variations  input
voltage  for   the   variations   of  12 V to 6 V to 18 V.
Figure 9 shows the response of Zigler-Nichlan PID
controller. Figure 10 shows the response of IMC PID
controller and Figure 11 shows the response of FLC
controller.

Figure 12 shows load variation of 6.8  to 4.8  and
then 8.8 . Figure 13 shows response of Zigler-Nichlan
PID controller for load variation. Figure 14 shows IMC
PID controller for load variation and Figure 15 shows
response of FLC controller for load variation. We are
observing that FLC control provides improved
performance in terms of overshoot limitation and
sensitivity to parameter variations.

We are observing that FLC are adaptive for power
systems and it provides improve performance than OID
controller.

Fuzzy Controlled Buck-boost Converter: Buck-boost
converter is a kind of step up and step down converter.
The response of the buck-boost converter is regulated
with the duty cycle of the switch. When duty cycle is less
than 0.5, it acts as a buck converter and when duty cycle
is more than 00.5, it acts as a boost converter. Figure 16
shows the buck-boost converter with FLC. Table III
shows the parameters of the buck-boost converter. Shaker
et al. (2015) has compared fuzzy logic, neural network
(NN) and PI controller responses. Figure 17 shows the
output voltage transient response to the input voltage

shows the output voltage transient response to the input
voltage change from 12 V to 24 V for  NN  and  FLC.
Figure 19 shows zooming of Figure 18. From Figure 10, we
are observing that, PI controller response is dropped
unexpectively. From Figure 17 and Figure 18, it seems that
FLC and NN responses are same but after close look from
Figure  19,  it  is  observed  that  response  of  NN is better

Fig. 7: Comparison of step response for all the control methods. (11)
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Fig. 8: Line variations input voltage for the variations of Fig. 10: Response of IMC PID controller. (11)
12 V to 6 V to 18 V. (11)

Fig. 9: Response of Zigler-Nichlan PID controller. (11) Fig. 11: Response of FLC controller. (11)

Fig. 12: Load variation of 6.8  to 4.8  and then 8.8 . (11)

Fig. 13: Response of Zigler-Nichlan PID controller for load variation. (11)
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Fig. 14: Response of IMC PID controller for load variation. (11)

Fig. 15: Response of FLC controller for load variation. (11)

Table III: Parameters of the buck-boost converter. (12)

Fig. 16: Buck-Boost converter system with the FLC. (12)

than FLC. Although NN control is showing better
performance in terms of overshoot limitation but ANN Fig. 18: Output voltage transient response to the input
control requires some complicated algorithm to implement voltage change from 12 V to 24 V for NN and
and FLC is very cost effective to implement. FLC. (12)

Fig. 17: Output voltage transient response to the input
voltage change from 12 V to 24 V for all three
controllers. (12)
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Fig. 19: Zooming of Fig. 18. (12)

Fig. 20: Line variations Fig.20 Output voltage and
inductor current of a buck-boost converter to
step load variations. (13)

Fig. 21: Output voltage and inductor current during start-
up at light-load,followed by output voltage
reference variation from 20 V to 30 V (13)

Fig. 22: Basic circuit of cuk converter. (15)

Table IV: Settling time of the three FLC control system and PID
controller. (15)

The simulated response of output voltage and
inductor current of a buck-boost converter to step load
variations as shown in Fig. 20. We are observing that
output voltage u0 and inductor current iL behave well in
terms of overshoot and response speed. Fig. 21 shows
Output voltage and inductor current during start-up at
light-load,followed by output voltage reference variation
from 20 V to 30 V. We are observing that, the overshoot
on the output voltage is avoided at startup and it is
limited at 2% of the nominal value in the second case,
although a high limit current value. We are observing the
robustness to wide parameter variations. 

Fuzzy Controlled Cuk Converter: In cuk converter, the
output voltage is either greater than or lesser than the
input voltage. The basic circuit of cuk converter is shown
in Fig. 22. Three Fuzzy logic systems are taken with
different membership functions and compared with a PID
controller. The settling time of the three FLC control
system and PID controller is shown in Table IV. From
Table IV, when the gain of the FLC controller is small,
there is slow response. When the gain of the FLC
controller is large, the system becomes unstable. This
explains the adaptability and stability to disturbances are
excellent for FLC.

CONCLUSION

Close loop DC/DC converter to get constant output
voltage has become highly interested for the applications
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like PV model and battery model with charge circuit etc. In 8. Costa Branco, P.J. and J.A. Dente, 1998. An
order to help research her to be able to choose the best
control methods from the available control methods, this
paper has reviewed various non isolated DC/DC
converters with various control methods.

This review paper concludes that the best type of
control method for  non  isolated  DC/DC  converters  is
the FLC method in terms of simplicity, overshoot
limitations, cost effective and sensitivity to parameter
variations. Although AN control is showing better
performance in  terms   of   overshoot   limitation   but
ANN control  requires some complicated algorithm to
implement and FLC is very cost effective to implement
because FLC could be very easily simulated in MATLAB
simulink and can be implemented in hardware using Xilinx
sparton6 processor. Efforts continue for making DC/DC
converter control schemes more efficient and cost
effective.
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