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Öz 

Akıllı DA-DA Dönüştürücülerinin özellikle yenilenebilir enerji kaynakları (RES) uygulamalarında artan kullanımı göz önünde 

bulundurulduğunda, uygun bir kontrol sistemi tasarımı, verim ve güvenilirlik açısından son derece önemlidir. Normal çalışma 

koşullarında, her DA-DA güç dönüştürücü yapısı, genellikle dönüştürücü çıkışında sabit bir gerilim kontrol bloğuna ve dönüştürücünün 

yarı iletken güç anahtarı tarafında bir görev döngüsü kontrolü bloğuna sahiptir. Klasik yöntemlerde, geri besleme kontrol döngülerinde 

orantılı-integral türev (PID) kontrolörü kullanılmaktadır. Bu kontrolör ile ilgili temel sorun, DA-DA dönüştürücüler gibi doğrusal 

olmayan sistemlerde, davranışlarının yalnızca sistemin çalışma noktasında en uygun olmasıdır. Bulanık mantık denetleyicisi, bu tür 

sistemlerin büyük sinyal değişimi senaryolarındaki davranışlarını iyileştirmek için kullanılabilir. Ek olarak, normal şartlarda ve 

dönüştürücüde bir hata olması durumunda, sistemin davranışında önemli bir iyileşme görülmektedir. Bu çalışmada, yükseltici 

dönüştürücüyü kontrol etmek için bulanık mantık ilkeleri kullanılmıştır. Dönüştürücünün çıkış gerilimi, gürültü, yük değişimleri ve 

giriş gerilimi değişimleri gibi sistem hatalarına karşı kararlı olmalıdır. Tasarlanan bulanık denetleyicideki yenilik, bu denetleyicinin 

daha önce tasarlanan kontrolörlerin giriş-çıkış bilgisine ve deneysel olarak zamana bağlı değişkenlere dayanmasıdır. Bulanık mantık 

denetleyicisini kullanarak, sistem parametreleri bu oynamalara karşı kararlı olması sağlanmaktadır. Performans koşulları MATLAB 

yazılımı kullanılarak benzetilmiştir. Anahtar Kelimeler: DA-DA dönüştürücüsü, Yenilenebilir enerji uygulamaları, Yüksek kazançlı 

dönüştürücüler, Yükseltici yapılar.  

Yükseltici DA-DA Dönüştürücüleri için Bir Bulanık Mantık Tabanlı 

Denetleyici 
Abstract 

Considering the increasing use of intelligent DC-DC converters especially in Renewable Energy Sources (RESs) applications, designing 

a proper control system is important and can increase the efficiency and reliability. In normal operating conditions, each DC-DC power 

converter structure, often has a constant voltage control loop in the converter output and a duty cycle controller in the semiconductor 

power switch side of the converter. The classical methods have a proportional–integral–derivative (PID) controller in their feedback 

control loop. The problem with these controllers is that in non-linear systems such as DC-DC converters, their behavior is only optimal 

at the point of operation of the system. A fuzzy logic controller can be used to improve their behavior in large signal variation scenarios. 

In addition, the behavior of the system in normal conditions and in the event of an error in the converter, has a significant improvement. 

In this paper, the principles of fuzzy logic are used to control the Boost converter. Since the output voltage of the converter should be 

stable against system errors such as noise, load changings, and input voltage variations, the novelty of the designed fuzzy controller is 

based on the input-output information of the previous designed controllers as well as the experimental knowledge based on the time-

dependent variables. By using the fuzzy logic controller, the system parameters will be stable against these volatilities. Performance 

conditions are simulated using MATLAB software. 
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1. Giriş 

Photovoltaic (PV) systems are among the renewable energy sources whose share in scattered energy production is increasing day by 

day. The photovoltaic phenomenon is referred to as a photovoltaic system in any system that uses this phenomenon to produce electricity 

through the use of stimulating mechanisms without the use of stimulus mechanisms. The smallest component of the solar photovoltaic 

system is the solar cell that converts the sun energy into electrical energy. It has normally a voltage of about 1.5V and current of about 

6 amps for flattening cells and can generate about 3 watts of electrical power [1].  

With a serial connection of solar cells, a string of them with a higher power characteristic is formed. Whenever we parallel several 

strands of the same optic cell, the solar module unit is generated with higher current, voltage and power. The larger unit of the solar 

panel is created by the parallelization of several solar modules.  

Eventually, solar panels arise with considerable power from the series and parallel solar panels. 

The photovoltaic energy source generates electrical energy in its DC form. If the energy consumption of loads is in the form of ac 

energy, any renewable system, whether connected to a network or separately from the network, will require the power transformation 

from DC to ac mode by an inverter.  On the other hand, the voltage of the photovoltaic source will be obtained at a lower level than the 

voltage level of the network or the required load voltage, and as the inverters are normally voltage reducing converters, we will 

inevitably use a boost converter class. So, if the DC consumption is a charge, then we will need a voltage increasing converter class due 

to the low-voltage generation by the photovoltaic source. By setting the incremental converter elements and proper key stimulation, we 

can obtain the appropriate output boosted voltage [2-3]. 

We should note that the solar system can operate in two modes connected to the network or as a separate network. In the unconnected 

mode of the network, the goal is to feed sensitive loads away from the network, which, of course, requires the use of energy storage 

elements to offset the natural changes in the power of resources. In this case, the power control is simpler than the network-connected 

mode, due to the lack of need for synchronization, simpler power management and less protection problems. In the connected to the 

network mode, the energy of power supplies is delivered to the network set and load. In this case, in addition to active power injections, 

the system can be used for reactive power injections and network voltage support. The inverter connected to the network is different 

from the inverter island, it uses the line voltage frequency as a control parameter to ensure that the output of the photovoltaic system is 

completely network-synchronous [4-5]. Switching power control is always important for times variable and nonlinear states. Linear 

control methods are not resistant to sudden changes in load and input voltage, and therefore, dc-dc converters with suitable control 

methods are required to generate optimal output, despite all the disturbances [6-7]. 

Proportional-integral-derivative controller has been used in many applications for simplicity, but the PID controller's defect has little 

ability to interact with system uncertainties, such as parameter variations and output disturbances, and when the control action quickly 

changes from one mode to another state, the system topology also changes that is not trackable by ID very good [8]. 

Therefore, it is felt that the goal of all controllers designed for switching converters should be to control the variable parameters of the 

structure. Sliding Mode Controllers (SMCs) are used in many control cases, due to inherent robustness and their ability to reduce the 

order of the system [9-10]. The use of these kind of controllers in unlimited switching frequencies is called the Chattering phenomenon 

[11]. However, high-speed switching shows additional switching losses and Electromagnetic Interference (EMI) problems [12]. In 

general, the constant switching frequency in power electronics is preferable for easier removal electromagnetic interference approaches 

and better use of magnetic components. [13-14].  But this technique needs to the complicated mathematical models and for a structure 

with complex topology, SMC is difficult to be expanded and investigated. 

Fuzzy logic control (FLC) has been successfully applied to a wide variety of engineering problems, including dc-to dc converters. It 

has been shown that fuzzy control can reduce development costs and provides better performance than linear controllers. With advances 

in digital hardware and digital control techniques, it is becoming feasible to implement control schemes such as fuzzy logic for power 

converters. 

Fuzzy logic systems do not require precise mathematical models of the system under control, and so are used to solve many unknown 

problems [15].  It provides simple solutions to the control of ambiguous, time-varying, complex, well-defined systems as in everyday 

life. [16].   

Fuzzy control is an attractive control method because its structure, which consists of fuzzy sets that allow partial membership and “if. . 

. then. . .” rules, resembles the way human intuitively approaches a control problem. This makes it easier for a designer to incorporate 

heuristic knowledge of a system into the controller. 

If the system is one that can be defined by a simple mathematical model, then a conventional control will suffice. But applying traditional 

logic to a complex system is both very difficult and costly. In contrast, fuzzy logic control can analyze the system better than traditional 

logic and it is also economical [17]. In fuzzy logic, fuzzy control usually results faster with smaller software, since the signals are 

preprocessed and the values over a large area are reduced to a small number of membership functions [18].  

As the number of rules to be applied on the small number of mentioned values is less, the result will be faster. It is possible to reach the 

result even faster with a specially developed hardware.  Another advantage of fuzzy logic control is that it allows direct user input and 

user experience.   

Based on importance of the DC-DC boost converters in PV applications to enhance the DC voltage level of these panels to grid 

application level, this study presents a Fuzzy Logic based Controller (FLC) for these converters with considering the internal resistance 

of the inductor, at 50KHzhe switching frequency by seven step membership functions for receiving the minimum value of the error for 

the Maximum Power Point Tracking (MPPT) approach.  
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2. Fundamental of Proposed FLC method 

Fuzzy logic is a rule-based decision making method used for expert systems and process control. Fuzzy logic differs from conventional 

logic in that it has partial membership in a set. Traditional logic consists of one variable being present only in one set and not in the 

other, while in the fuzzy logic, one variable consists of more than one set with partial membership. Fuzzy model is a system of variables 

associated with fuzzy logic. Fuzzy Logic Controller uses defined rules built on the current values of input variables to control the Fuzzy 

system. This model consists of three linguistic variables, membership functions and rules parts. Linguistic variables are defined as the 

input and output variables of the system to be controlled. This Controller requires at least one input and output variable. Linguistic 

definitions represent the categories of values of the language variable and membership functions are numerical functions corresponding 

to their linguistic definitions. A membership function determines the degree of membership within the linguistic definitions of a 

linguistic variable. Rules are defined as the relationship between input and output variables built on linguistic definitions. Rule bases 

are the set of rules for the fuzzy system. The rule base is equal to the control strategy. Fuzzy logic is artificial intelligence control which 

is used to control many physical systems which are difficult to derive or nonlinear. There are three basic parts in the fuzzy logic process 

including fuzzification, implementation of a linguistic control strategy and de-fuzzification. This has been illustrated in figure 1. Figure 

1a presents the process of the proposed converter and figure 1b shows the membership function and fuzzy interface system. 

 

 
(a)                                                                          (b) 

Figure 1. (a) Process of Fuzzy Logic Controller and (b) membership function and fuzzy interface system. 

 

fuzzification is the process of converting the numerical input values of input linguistic variables into definitions that correspond to 

linguistic terms according to membership functions. The control strategy uses rules and the associated input linguistic terms to 

determine the resulting linguistic definitions of the fuzzy logic controller output linguistic variables after the input values are blurred. 

de-fuzzification is the process of converting the membership degrees of output linguistic variables in numerical terms into numerical 

values. The fuzzy logic controller for de-fuzzification uses different mathematical methods. The choice of this method varies depending 

on the control application. Figure 2 presents the proposed converter and the controller structure. 

Rules

Fuzzification

de(k)=e(k)-e(k-1)

Error Amplifier

DC-DC Converter

d(k)=d(k-1)+du(k)

Vref
Vi Vo

Real du(k)

DefuzzificationDecision making

Input e(k)

Real

FLC

+
-

 
(a) 
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(b) 

 
(c) 

 

Figure 2. (a) MATLAB / SIMULINK model of boost converter circuit, (b)Fuzzy Logic Controller input variables 

 

In figure 2a, the general algorithm of the proposed converter and conteroller is shown and figures 2b and 2c present the boost converter 

and controller in MATLAB/SIMULINK respectively. 

The membership functions determined for the error are shown in figure 3. These functions are: Negative Big (NB) / Negative Medium 

(NM) / Negative Small (NS) / Zero (Z) / Positive Small (PS) / Positive Medium (PM) / Positive Big (PB). 

Error (E) and the change values for the error (∆E) are the input signals of the proposed FLC and the duty cycle (d) is the output signal. 

Meanwhile, E determines the maximum power point direction and the ∆E shows the error direction. The modeling of these functions 

can be seen in figure 5. The error function can be calculated by (1): 

( ) ( 1)
( )

( ) ( 1)

P t P t
E t

V t V t

 


 
                                                                                                                                                                              (1) 

( ) ( ) ( 1)E t E t E t                                                                                                                                                                                (2) 

In this equation, the P(t) and V(t) is the output power of the boost converter and the input voltage for the converter in t time respectively. 

P(t-1) and V(t-1) are the power and voltage values for the previous moment. The Fuzzy membership function for the E, ∆E and D is 

presented in figures 3,4 and 5 respectively. 

 

 

Figure 3. "error" input membership functions for fuzzy logic controller 

 

The membership functions determined for changing the error are shown in figure 4. These functions are: NB / NS / ZO / PS and PB 

input for fuzzy logic Membership functions determined for the exit are as shown in figure 5. The names of these functions are: NB / NS 

/ ZO / PS / PB. 
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Figure 4. Membership functions for "error change" 

 

Once the inputs, outputs and membership functions are specified, rules are set. To do this, open the Rules Editor Trough Edit> Rules 

menu. The table used in this application is given in Table 1. By considering this figure, it can be proven, for negative value of the error 

e and de, controller decreases the duty cycle of the power switch to the minimum possible value, for negative e and positive de, it turns 

the switch on for a short duty cycle, for positive e and negative de, the time duration of the duty cycle is increasing more and for positive 

e and de, the duty cycle is being higher and higher. These all are confirming the theories around the table 1 and show the rules are 

working in a proper way. 

 

 
Figure 5. Membership output functions for fuzzy logic 

 

Table 1. Rules Table. 

E  NM NS ZO PS PB 

de 

NB NB NB NB NS ZO 

NS NB NB NS ZO PS 

ZO NB NS ZO PS PB 

PS NS ZO PS PB PB 

PB ZO PS PB PB PB 

 

3. Simulation results 

 

For simulation purpose, since the input voltage is considered to given from a PV panel, based on irradiation and temperature can generate 

different voltages. So different level of input voltages between 18 and 30VDC has been applied to the boost converter and the 

performance of the FLC has been evaluated. The state of the input voltages has been illustrated in figure 6. At the start point a 24VDC 

is applied and in t=0.5sec the voltage changes to 18 VDC and finally at the t=1 sec, input voltage increased to 30 VDC.  Also, since the 

load value can change in different times of a day, two different loads have been considered in the load side and the performance of the 

proposed controller has been examined.  
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A good controller should present a fix voltage at the output side by different loads and input voltages values and at the changing points 

it should reach to the desired value in a short time with minimum values of the overshoots or undershoots.  

 

 
Figure 6.  Input voltage used for simulation 

 

Figure 7 presents the output voltage of the boost converter by proposed FLC. As the output voltage we fixed the reference voltage on 

60 VDC. So, the controller should fix the output voltage on this rate.  

As can be seen at the change points in t=0.5 sec and 1 sec, an undershoot and overshoot at the curve appear respectively, because the 

second voltage level is smaller and third voltage level is greater than previous level.  

 

 
Figure 7.  Output voltage under 40Ω resistive load 
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Figure 8.  Output voltage and input currents oscillation ratios for 40Ω resistive load 

 

Figure 8 illustrates this voltage fluctuation under a 40Ω resistive load, and as can be seen, this oscillation ratio is in a good limit. Also 

this figure shows the inductor current and 0.6A of oscillation has been reported for this amount of the load. Based on figures 7 and 8, 

the average time of the controller to reach the final value of the voltage is around 0.04 sec for after any change that has a considerable 

improvement in comparison with classical PI or PID controllers. For 30Ω load this time is shorter and as figure 9 shows, it decreased 

to 0.2 sec. 

 

 
(a) 

 
(b) 

Figure 9.  (a) Output voltage and input currents for a 30Ω resistive load with 24 VDC input voltage, and (b) time to trap the final values 

of output voltage and input current 

 

Figure 10 illustrates the same changes of the voltage for the converter under proposed Fuzzy Logic Controller and 100Ω of the output 

load. As it was predictable, for limiter currents in the input and output sides of the converter, the voltage is more stable and overshoot 

or undershoot amounts are shorter. 
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Figure 10.  Output voltage under 100Ω resistive load 

 

Figure 11 presents the fluctuations of the output voltage and input current in detail, and as can be seen, 0.34 V for the output voltage 

and 0.63 A for input current have been reported. 

 

 
Figure 11.  Output voltage and input currents oscillation ratios for 40Ω resistive load 

 

Figure 12 presents the state of the output voltage and input current waveforms under 24 VDC as the input voltage and 75Ω as the output 

load. This result is closed to results of figure 10 and the time interval for the signals to reach to the final values is less than 0.02 sec that 

is related to level of the currents in the circuit because of the higher resistive load value of limited value of the current at the load side. 

 

 
(a) 
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(b) 

Figure 12.  (a) Output voltage and input currents for a 75Ω resistive load with 24 VDC input voltage, and (b) time to trap the final values 

of output voltage and input current 

4. Conclusion 

As the Fuzzy Logic Controller (FLC) has many advantages and specifications like, organizing uncertain and complex systems in daily 

life with simple solutions, analyzing better than classical logic, preprocessing of systems results in smaller software, allowing direct 

user input and user experience, using of devices with more accurate, being based on natural language, and modelling the non-linear 

functions. 

On the other hand, different types of the step-up converters with various control structures are presenting by researchers by considering 

the widespread uses of the Renewable Energy Sources (RESs) and especially the PV panels. Sometimes, the modelling process for a 

converter especially for them which have more the one power switch, or uses the transformers or inverters block really is hard and so, 

the controller structure that should be based on mathematical model of the converter is difficult to design. The main advantage of the 

FLC method is working with only output signal in a DC-DC converter and designing the fuzzy rules based on predictions and 

experiences. So without any mathematical model the control process of the converter will be possible. 

This paper presents a FLC model for DC-DC step-up converters based on input-output information of the previous designed controllers 

as well as the experimental knowledge based on the time-dependent variables. The output voltages of the converter with the proposed 

controller for different values of the input voltages and output loads have been evaluated and the settling time of these signals and 

overshoot and undershoot ratios have been analyzed.   
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