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Abstract— This paper presents the design and implementation of 
a simple fuzzy logic controller (FLC) for a DC-DC buck 
converter based on the PIC18F4550 microcontroller to control 
the lead acid battery charging voltage in solar cells applications. 
For cost consideration, an inexpensive 8-bit microcontroller is 
selected to program and implement the FLC proportional-
integral. The obtained simulation and experimental results show 
the viability of the controller with a variation on the load of the 
buck converter showing a good performance on the design of the 
FLC, and it has also a smooth response with a small overshoot.  

Keywords— DC-DC converters, fuzzy logic control, and 
Microcontroller. 

I. INTRODUCTION 
Photovoltaic systems users are searching inexpensive 

devices; one option is using DC-DC buck converters based on 
microcontrollers to control the lead acid battery charging 
voltage. Fuzzy control methods can be easily carried out using 
an inexpensive 8-bit microcontroller. In ref. [1-4], a controller 
for DC-DC converters was designed and implemented using 
the triangular membership functions. Moreover, in ref. [5-6], it 
has been investigated that how using a fuzzy controller can be 
controlled the maximum and average current of a DC-DC 
converter. In most of references due to the complex 
calculations, the membership function is considered triangular. 
The effects of different types of membership function such as 
triangular, Gaussian, bell and trapezoidal for fuzzyfication are 
investigated in ref. [7], in control of DC-DC converters and the 
dynamic responses are compared. For this reason, it is 
necessary to propose robust and inexpensive controllers 
capable of compensating the dynamics of these systems. The 
DC- DC converters are devices that regulate electric potential 
between two devices, this kind of systems are used to load their 
electricity supplies in devices such as hybrid cars and solar cell 
devices with rechargeable batteries.  

In this paper, a fuzzy controller has been designed for a 
DC-DC converter and has been tested experimentally. FLC 
design incorporates Mamdani’s implication method of 
inference, which is one of the most popular methods in fuzzy 
control applications, the obtained simulation and experimental 
results show the viability of the controller with a variation in 
the load of the buck converter, showing a good performance on 
the design of the FLC, and it has also a smooth response with a 
small overshoot. The remainder of the paper is organized as 
follows. The modeling of the buck coveter is given in Section 

II. Section III describes the fuzzy control algorithm used for 
programming the microcontroller. The physical 
implementation of a buck-type converter based on 
microcontroller, and the simulation and experimental results 
performed on a buck-type converter to control the lead acid 
battery charging voltage in solar cell applications, are presented 
in Section IV. The conclusions of this work are given in the last 
section. 

II. MODELING OF THE BUCK CONVERTER  
The mathematical model of the buck converter is made 

assuming that it works in continuous conduction mode (CCM), 
the equivalent circuit is showed in figure 1, where iL is the 
inductor current, Vo is the output capacitor voltage, Vs is the 
input voltage source, L is the inductance, C is the capacitance 
of the output filter, R is the output load resistance and u is the 
signal control which represents the switch position. For this 
case, the inductor current is never less than 0 and the voltage 
on the capacitor has a constant value and a fluctuating part 
about average value [8]. This operating condition is linked to 
the inductance values, the load resistance of the converter, and 
the switching frequency. The technique used to obtain the 
model of buck converter is based on defining two operating 
conditions of the MOSFET [9]: When the switch is on position 
u = 1, the circuit is connected to the DC input source resulting 
an output voltage across the load resistor. If the switch changes 
its position u = 0, the capacitor voltage will discharge through 
the load, see figure 1. By controlling the switch position in the 
buck converter, one can obtain the desired output. 

Fig. 1. The schematic of buck converter controllers 

The generalized state-space averaging model of 
uncontrolled buck converter under the continuous conduction 
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mode for zero-order approximation (set k = 0 in (1)) is given 
by  

                                    (1) 

                                                      (2) 

where the equation (1) is when u = 1 and the equation (2) is 
when u = 0. More details on how to derive the generalized 
state-space averaging model in (1) and (2) can be found in [9]-
[11]. 

III. FUZZY LOGIC CONTROL DESIGN 
Through a FLC, an expert might be able to control a 

process based on his knowledge and observation of it, even 
without any mathematical model. The FLC has the following 
components: The fuzzification: converts the real input values to 
fuzzy values to be interpreted by the inference mechanism. The 
rule-base (a set of if-then: which contains the fuzzy values by 
means of a linguistic description of the expert to achieve good 
control. Inference mechanism: emulates the expert's decision 
making in the interpretation and application of knowledge 
about the best way to control the plant. Finally, the 
defuzzification: takes the values of the inference mechanism 
and converts them into actual output values. To carry out FLC 
design it is necessary to define the following inputs of FLC; the 
first input is the error (e(k)) given by the equation (3), where 
Vo(k) is the sampled output voltage of the buck converter 
through the analog to digital converter (ADC) in 
microcontroller and Vref is the voltage reference. The second 
input (ce(k)) is given by the equation (4) where e(k) is the error 
at the kth sampling and e(k-1) is the error at the previous kth 
sampling. 

                                (3) 1                            (4) 

Inputs are multiplied by gains g0 and g1, respectively, and 
then they are evaluated in the fuzzy controller. The FLC output 
is the change in the duty cycle ∆d (k), which is given by the 
equation (5), and it is scaled by the gain h. d k d k 1 h∆d k T     (5) 

The gains in the controller inputs and output are from -1 to 
1, because they are normalized, it facilitates the controller 
tuning. The method to calculate PMW duty cycle is through 
FLC output in the kth sampling (∆d (k)) and adding to the duty 
cycle at the previous kth sampling (d(k-1)), this method 
represents discrete time integration in the FLC output. The 
integration at the FLC output increases the system type and 
reduces the steady-state error, smoothing the control signal. If 
the range of integrator is limited, the windup effect is avoided. 
So it becomes an incremental fuzzy controller [12]. The 
incremental design approach provides an alternative for genetic 
fuzzy system in cases where the complexity of the control 
problem does not allow the evolutionary algorithm to adapt the 
entire fuzzy knowledge in one step. The diagram of the 
incremental fuzzy controller is showed in figure 2. 

 

 

 

 

 

 

 

 

Fig. 2. Schematic diagram of fuzzy logic controller with gains and one 
integrator in the output 

A. Fuzzification 
The fuzzification converts the numeric input into a 

linguistic variable by means of fuzzy sets that are defined into 
the universe of discourse, taking the next linguistic values: 
negative big (NB), negative small (NS), zero (Z), positive small 
(PS) and positive big (PB) for e and ce, the membership 
functions are showed in figure 3. 

 
Fig. 3. Triangular type membership functions for e and ce 

The fuzzy logic controller uses trapezoidal membership 
functions in the extremes in order to eliminate discrepancies, 
and it also uses triangular membership functions at the center, 
normalized from -1 to 1 for both cases. 

B. Rule Base 
The rule base is defined by the relations between the inputs 

and output with rules of type IF-THEN. In our case, the 
designed controller has 5 fuzzy sets for each linguistic variable, 
which generates 25 rules that can be expressed as a Mamdani 
linguistic fuzzy model, like in the equation (6)         ,  ∆               (6) 

where e and ce are the input linguistic variables, Δ i is the 
output linguistic variable, Ai1 and Ai2 are the values for each 
input linguistic variables on the universe of discourse and B is 
the value in output in the universe of discourse. The rules are 
based by heuristic knowledge in the behavior of the DC-DC 
converter, which when the voltage is less than the reference, it 
is necessary increase the duty cycle, and when the voltage is 
higher than the reference the duty cycle is reduced. In addition, 
by considering the differential component, the speed at which 
the error is approaching to the reference can be described. The 
rule base is showed in the Table 1. 
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C. Inference Mechanism 
The inference mechanism of Mamdani co

on generalized modus ponens through cartesia
membership grades e and ce (ue and uce) a
Mamdani’s min fuzzy implication where the re
mechanism is wi, and ci is taken from the rule
equation (7). Some controlling rules consider
are shown in Table 1.  ,  

TABLE I.  CONTROL RULES. 

D.  Defuzzification  
 In the defuzzification operation a logi
inference result from each of the four rules is p
study means of Mamdani's method is im
defuzzification converts the conclusions o
mechanism into actual inputs for the proces
developed by the center of gravity method fo
showed in the equation (8), where bi is th
membership function and ∫u(i) denotes the
membership function u(i) and it is calcula
equation (9), with w as the width of the base of
function and the height H. ∆ ∑∑      

      

One can see the control surface in Figure
the output for each one of the possible inputs o
FLC. 

Fig. 4. Fuzzy levels for output signal versus e and c
membership function. 
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IV. RESU

The fuzzy controller designe
implemented on a BUCK converter
PIC18F4550 microcontroller has 
Fig.1, the available values in Table
for each error and change in error
built using a MOSFET IRF3710
inductor with 32 uH, a capacitor va
resistor of 22 Ω in the output. T
reference are 10 V and 2 V, respe
model was simulated through
SimPowerSystems in MathLab and 
using the Fuzzy toolbox and Simuli
the Figure 5, one can see the gen
converter with the FLC in close
implementation of the buck c
programmed on the microcontroller,

Fig.5. FLC in close loop 

Fig. 6. Physical implementation of buck

To verity the effectiveness of 
experimental set up is developed, se
circuit with MOSFET as a switchin
The fuzzy logic controller to gen
signal is programmed. The simulati
show that the output voltage of the b
controlled according to the va
experimental results are concurrent 
Fig. 7 shows the output voltage st
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ULTS  
ed in previous parts is 
r. For this purpose, an 8-bit 
been used. According to 

e 1 are used as duty cycles 
r.  The buck converter was 
0, a diode MBR2060, an 
alue of 1000 uF and a load 
The input voltage and the 
ectively. The mathematical 
h simulink module – 
the FLC was also designed 
ink-Fuzzy logic toolbox. In 
neral diagram of the buck 
ed loop, and the physical 
converter with the FLC 
, is showed in Figure 6.  

 
for buck converter. 

 
k converter with microcontroller 

the simulation model, an 
ee Figure 6. The buck-boost 
ng component is developed. 
nerate duty cycle of PWM 
on and experimental results 
buck-boost converter can be 
lue of duty cycle. The 
with simulation model. The 

tartup transient of the buck 
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converter, with the previously mentioned values. The setting 
time is about 30 ms, one can see the experimental results are in 
agreement with the simulations. This value is adequate to 
battery charging voltage in solar cells applications.   

 
(a) 

 
(b) 

Fig. 7. Output voltage startup transient of the buck converter with a reference 
voltage, Vref  = 2 V. (a) Simulation and (b) Experimental result. 

In the Fig.8, the buck converter is subjected to a change in 
the load resistor, from 22 Ω to 220 Ω. The startup transient 
takes approximately 25 ms.   

 
(a) 

 
(b) 

Fig. 8. Output voltage startup transient of the buck converter subjected to 
a change in load resistor (22 Ω to 220 Ω). (a) Simulation and (b) Experimental 

result. 

V. CONCLUSIONS  
The design and implementation a fuzzy logic controller for 

a DC-DC buck converter based on the PIC18F4550 
microcontroller to control the battery charging voltage in solar 
cells applications was carried out successfully. For cost 
consideration, an inexpensive 8-bit microcontroller was 
selected to program and implement the FLC proportional-
integral, it provides inexpensive photovoltaic systems. The 
fuzzy controller is able to stabilize at a reference voltage in a 
time of 30 ms, approximately. If the buck converter is 
subjected to a change in the load resistor, the fuzzy controller 
takes approximately 25 ms to stabilize the system. 
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