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Abstract This paper describes the Neuro-Fuzzy logic
based controller design for the buck DC-DC converters. As it
is obvious form the previous type of controllers
(conventional PID) for such converters which have been
designed under the worst case condition for high load and
lowest line condition, they present a lower loop in band
width, and the system response is sluggish. In this regard,
since the neural networks have powerful learning capabilities,
optimization abilities, and adaptation, in this paper the
design and analysis for a Neuro-Fuzzy PWM based PD
controller is proposed. Lastly, In order to show that the
Neuro logic based PD controller provides robust control for
non-linear power electronics variable switching structure
such as the dc-dc buck converter, MATLAB Simulink
software is employed to confirm the corresponding results
validity.
Keywords
Neuro Fuzzycontroller, PD Controller,
PWM-Switching Convertor, DC-DC Buck Convertor

1. Introduction
Voltage regulation for dc-dc converters has traditionally
been accomplished using analog control concepts. The
interest is beginning to develop in the application of digital
control principles to this regulation function. In DC-DC
converters, due to unspecified transfer function, employing
of the fuzzy controllers could be impressive and beneficial.
The behavior of DC-DC converters around the operation
point can be linearly modeled and the controller can be
designed by using the linear control conceptions such as PI
and PID controllers, etc. To design the controller, the transfer
function of converters are needed which is usually a
complicated task.
With fuzzy control, the design concept is totally different.
The operation of fuzzy controller does not rely on how
accurate the model is, but on how effective the linguistic
rules of the fuzzy controller are. A Perfect Fuzzy control
therefore simplifies the design of optimal compensation for
DC-DC converters.

Since fuzzy control is based on heuristic rules, it facilitates
the application of non-linear control laws to face the
nonlinear nature of dc-dc converters.

2. Fuzzy Logic
2.1. Fuzzy Logic Concept
The philosophy of Fuzzy logic is besides the normal
logical States: 0 and 1 which lead to states (membership
values) between those. The grade of membership can be
regarded as the capability of belonging of the described
linguistic term. Linguistic variables, defined as variables
whose values are sentences in a natural language (such as
small and large), may be represented by fuzzy sets. A fuzzy
set is an extension of a crisp set, where a crisp element just
can belong to a set (full membership) or not belong at all (no
membership). Fuzzy sets allow partial membership, which
means that an element may partially belong to more than one
set. A fuzzy set A is identified by a membership function that
assigns to each object in a given class a rate of membership
to the set. Of course, the grade of membership can range
from 0 to 1;
2.2. Fuzzy Control
Fuzzy control includes some steps which are common in
most fuzzy control applications. First is determining input
and output of the system. Second is fuzzification of input and
output and then determine membership function for them.
Process part of fuzzy controller design is to derive rules from
expert knowledge, which will be used to assign rules. Last
step is converting fuzzy value to its crisp value in
defuzzification step.

3. DC-DC Buck Convertor
This chapter is focused on introduction of DC-DC
converters. Hence, a typical schematic of a sample buck
converter is represented bellow and the detail will be
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described later:

Figure 1. DC-DC converter schematic

As it shown Figure 1, there is DC voltage as input (𝑉𝑉𝑖𝑖𝑖𝑖 )
which its value is more than output voltage generally. One
switching element (FET, GBT …) will be used to guide input
voltage to output in off time and close return path of input
voltage toward source in on time. We can control duty cycle
of on/off switching time as controller parameter. Pulse
Width Modulation (PWM) signal is used to adjust output
level in desired value. So we need controller to make
corresponding duty cycle to cover input changes, load
changes, non-linearity/change in elements and so on.

4. Controller Design
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By using Buck DC-DC converter model, following system
(Figure 2) is implemented to operate as PWM based PID
controller. As it is depicted, three different parameters are
used as the Fuzzy Logic Controller (FLC) inputs. They are
including Error, Error Changes and Error Integral.
The parameters which are considered in the model are as
RL=0.08 Ω, L=5𝜇𝜇𝜇𝜇, RC=0.005 Ω, F=305 𝜇𝜇𝜇𝜇 and RL=1 Ω .
There are three levels of input membership functions are
defined as Negative, Zero and Positive. Also, output
membership functions have three levels as the same as
inputs(Table 1), but the domain range is different in
somehow.
Table 1. Rule table for fuzzy PID controller
Np

Ni

Nd

If e(k)=N then y=N

If ie(k)=N then y=N

If de(k)=N then y=N

If e(k)=Z then y=Z

If ie(k)=Z then y=Z

If de(k)=Z then y=Z

If e(k)=P then y=P

If ie(k)=P then y=P

If de(k)=P then y=P

By using MATLABsimulation, the corresponding
response for this system can be achieved as bellow. Here,
the desired output voltage value is considered as 2 Volts.
(Figure 3).

Figure 2. Fuzzy PID controller system
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Figure 3. Output of Fuzzy PID

For optimizing the system response and to gain a better step response, it is needed to change the membership functions in
anyhow. So, in this step seven levels for inputs and outputs membership functions are defined.
Therefore, the following values for each level could be regarded for above membership functions (Figure 4):
NL

NM

-1

-0.667

NS

-0.334

ZR

PS

PM

PL

0

0.334

0.667

-1

Figure 4. Definition of level value for membership function

Considering the increment in the level of inputs and outputs, it is expected to have smooth and more accurate output which
is partially achieved (Figure 5).

Figure 5. Output of Fuzzy PID with 7 level membership function system
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4.2. Fuzzy PD Controller
It is known that the Error signal and derive of error are parameters which can illustrate the system status. So, as it is
depicted in the following figure 6, these two parameters are inserted to fuzzy module as its inputs in a same block, and
therefore the input membership functions have two input functions and one output value.

Figure 6. Fuzzy PD controller system schematic

In addition, the relative rules are shown in table 2. As it is obvious, the controller has seven different levels of inputs for E
and div(E) which finally lead to define 49 rules.
Table 2. Fuzzy rules based on Error (e) and Div(Error)
E/dE

NL

NM

NS

ZR

PS

PM

PL

PL

ZR

PS

PM

PL

PL

PL

PL

PM

NS

ZR

PS

PL

PL

PL

PL

PS

NM

NS

ZR

PS

PM

PL

PL

ZR

NL

NM

NS

ZR

PS

PM

PL

NS

NL

NL

NM

NS

ZR

PS

PM

NM

NL

NL

NL

NM

NS

ZR

PS

NL

NL

NL

NL

NL

NM

NS

ZR

Moreover, the corresponding surface view for inputs and output is depicted in figure 7.

Figure 7. Surface view of PD controller rules
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On the other hand, the Fuzzy PD system output is shown in Figure 8, and as it illustrated X axis is belongs to time domain
and Y axis shows output value in voltage.

Figure 8. Fuzzy PD system output

4.3. ANFIS
As it is went in previous parts, a fuzzy PID with 3 level mfs, fuzzy PID with 7 level mfs and fuzzy PD controllers are
employed and the corresponding results represented and compared to each other’s. In the following section, it is purposed to
apply a Neuro-Fuzzy PD controller system by employing MATLAB ANFIS Toolbox.
Using Error (e) and Error Derive (div(e)), from previous section as inputs and pulse width as output, will lead to train
neural network with train data.
As it illustrated in the following structure, a neural network with 2 inputs and 3 membership functions for each input is
designed (Figure 9)

Figure 9. Neuro Fuzzy network structure

Here, the system is learned with fuzzy PD data, and the same output response for fuzzy PD method is achieved. As it is
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clear, the response is not optimized enough and a better response for the system is purposed (Figure 8)
In order to optimize the system response, it is aimed to modify learning data to decrease over shout and rise time. By
having a good performance for the system(well-tuned conventional PID as instance), the corresponding inputs and output
data could be used; otherwise, by knowing the desired system response and using statistical analyses on data, the required
information and samples for learning neural network system can be prepared.
Data which achieved from well-tuned PID was used as ANFIS input. According to Figure 10 the result of learning was
acceptable. After learning the system with desire system data, the improvement of the system response is clearly obvious
(Figure 11).

Figure 10. ANFIS Input data and learned neural network output compare

Figure 11. Neuro-Fuzzy PD controller output

5. Conclusion
It is resulted that an enhanced control could be regarded
and achievable by using fuzzy control to a robust control
onnonlinear systems or systems which cannot be controlled
by classic controllers. It is clear that in Neuro design, there is
noneed to have/design membership functions, but just to
allocating the inputs and desired output is completely
essential.
Fuzzy control method has lots of beneficial advantages
and one of theimpressive merits can be mentioned as
defining of the linguistic rules. On the other hand, one of the
shortagesof this method is that the membership functions
could not be defined completely by employing the classical
design methods.

In addition, customized NN for fuzzy application can be
considered as one of designing solutions. Using hybrid
method including fuzzy and neural networks will leads to
better learning rules mechanism of the system by means of
training data.
Robust control achievement can be mentioned as a benefit
in compare with previous methods. Independency of
controller performance,to elements parameter, is the
advantage which is gained by using ANFIS controller. This
will lead to reducing effect of element value changes, Life
environmental changes,
Finally, it is concluded that by employing Neuro PD
ANFIS in comparison with pervious methods (such as fuzzy
PID and fuzzy PD controllers), better results areachieved in
the final system responses and also in the simulations.These
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results show the ease of applying fuzzy control to dc/dc
converters, as an interesting alternative to conventional
techniques. Also, test results illustrate that the Neuro fuzzy
logic approach can provide considerable control
performances rather than other conventional methods.
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