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Abstract- The DC/DC converters are primarily and practically used for switch-mode regulated power source and renewable 

energies such as photovoltaic or wind turbine. the principal purpose of these converters is to adapt the input with the output in 

other words, to preserve a consistent output voltage no matter the variations of the internal and external parameters of the 

converter. Different control techniques are commonly used to adapt and regulate the output voltage of these converters and make 

them more efficient and more robust in the event of unwanted disturbances, such as classic linear controllers for instance 

(proportional integrator and derivator controller PIDC) and nonlinear controllers as (fuzzy logic FLC, sliding mode controller 

SMC). This article presents a comparative performance of Fuzzy Logic Control (FLC) and Sliding Mode Control (SMC) on a 

DC/DC Boost converter submitted to different type of variations. The performance evaluation criteria depend on speed and 

precision of the transient response. The two proposed controllers are modeled, designed and simulated using 

MATLAB/SIMULINK. The results of the comparison between the two controllers confirm the effectiveness of sliding mode 

control in terms of rapidity and precision compared with FLC. 
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1. Introduction 

The grid connections always require suitable power 

converters to adapt the source to the load. A high-voltage DC 

grid must be connected to low-voltage renewable energy 

sources using a proper power electronic converter.  A step-up 

converter is essential and adequate for the proposal, it is also 

more used for tracking the maximum power for photovoltaic 

power systems, it can ensure that the system operates with 

optimal efficiency despite the change of solar irradiation in the 

case of photovoltaic or the variation of wind speed in the case 

of wind turbine [1]. 

A proper control technique for DC/DC converters must 

take into consideration variations in internal parameters, large 

variations in input voltage and load, as well as ensure the 

stability under all operating conditions while providing fast 

response. There are several control techniques that have been 

suggested in the literature to achieve stability as well as fast 

transient response for all converter topologies, among these 

varied techniques, fuzzy logic control (FLC) and sliding mode 

(SMC) [19]. 

In [2] and [3] are focused on designing a PID controller 

for boost DC/DC converter, it provides a better voltage 

regulation and overshoot reduction with variation only on the 

input voltage. In [4,5,6] describes the design of fuzzy logic 

controller on DC/DC boost converter and buck boost 

converter compared to PID controller, FLC is more stable 

when varying with input voltage values. Also, in [1] a control 

technique called Model Predictive Control was used to 

regulate the output voltage of the converter, although it has a 

fast response with effective tracking but it is sensitive to 

circuit parameters. Recently, several papers [7,8,9] have 

proposed using SMC for DC/DC boost and buck converters 

compare to PI controller. The results tell that the SMC strategy 

offers important advantages such as fast dynamic response, 

strong robustness to load variations and simplicity in 

implementation [10]. However, most of the previous studies 

chose the variation of the input voltage or the variation of the 

load as disturbance in order to evaluate the robustness and 

stability, but do not take into considerations the variations of 

the internal parameters of the converters such as the inductive 

and capacitive components. So the values of C and L are 

carefully selected during the design phase of a converter to 
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ensure that they meet the required specifications. However, 

changes in these values can occur over time, which may 

require adjustments to the converter design or operation to 

maintain optimal performance, since the main objective is to 

have a robust controller that works regardless of the type of 

variations. When sizing a DC/DC converter, the values of the 

parameters found are not always compatible with the standard 

values existing in the market, for that reason the controller 

chosen to regulate the output voltage must be stable despite 

the change in the value of the internal parameters [11]. 

In this paper, we will present firstly the sizing and 

mathematical modeling of a boost converter under continuous 

conduction mode. The converter operates in a scenario where 

the input voltage, inductor, capacitor and load values change 

causing a noticeable variation in the operating point of the 

DC/DC converter. The controller must ensure the stability of 

the converter despite of those unwanted disturbances. At first 

the converter submitted of variations in the input voltage with 

a range between 10 V and 18 V, then a variation of the load 

value at last, the internal values of the converter (capacitor and 

inductor) are subjected also to variations of ∓30\% of its 

dimensioning value. The results are used for designing and 

comparing the two controllers chosen, to regulate the output 

voltage [16]. 

 The paper is structured as follow: the sizing and the 

mathematical modeling of the DC/DC boost converter in 

continuous conduction mode is given in second section. The 

proposed controllers are described and explained in the third 

section. The implementation and simulation results are 

presented in the fourth section. The finale section is dedicated 

to concluding remarks and discusses avenues for further 

research [15]. 

 

2. Sizing and Modeling of DC/DC Boost Converter 

2.1. Sizing of Boost Converter 

The boost converter is used frequently as non-isolated 

step-up converters which illustrated in Fig 1. This structure 

contains a continuous voltage source Vin, regulated switch T, 

inductor L, diode D, filter capacitor C and load resistance R. 

The operation of the converter will be studied under the 

continuous conduction mode CCM according to the state 

conduction of the switch T. R. The operation of the converter 

will be studied under the continuous conduction mode CCM 

according to the state conduction of the switch T. 

L

CC R

Vin

T

D
iL iout

icVL

Vc Vout

 
Fig. 1. Boost converter. 

The main factor to be considered while designing any 

converter is the ripple current through the inductor, it typically 

varies from a 10\% up to 30\% [6]. The expression for ripple 

current is given as follows: 

                               ∆IL = 10% × IL                                        (1) 

The duty cycle of the converter is expressed by the following 

formula: 

                                 α =
Vout−Vin

Vout
                                             (2) 

The value of the inductor L can be found by using the 

following expression: 

                        L =
α×Vin

f×∆IL
                                          (3) 

The value of capacitor C can be written as: 

                      C =
Iout×α

f×∆Vout
                                         (4) 

the ripple of output voltage [12] is given by: 

                              ∆Vout = 1% × Vout                                   (5) 
The sizing results of the different components of the boost 

converter are presented as follow: 

• Input voltage  Vin:  12V 

• Output voltage  Vout:  24V 

• Switching frequency f :  10kHz 

• Inductor L:  220μH 

• Capacitor C:  600μF 

• Resistive load R:  100Ω 

• Duty cycle α:  0,5 

 

2.2. Modeling of Boost Converter 

Fig. 3 and Fig. 4 demonstrate the states conduction of the 

switch T of the boost converter. We will start the analysis by 

writing state space model of the boost converter during ON 

and OFF mode. 

L

CC R

Vin
VoutVc

iL
iout

VL
ic

 

Fig. 2. Boost converter in ON mode. 

As shown in Fig. 2, during the ON mode, the inductor is 

being charged by the input voltage source while the capacitor 

is discharging across the resistor. The equations are given as 

follows: 

                    Vin − L
diL

dt
= 0                                          (6) 

                     
Vout 

R
− L

dVout

dt
= 0                                  (7) 

The Eq. (6) and Eq. (7) can be written as follows: 

[

diL

dt
dVout

dt

] = [
0 0

0
−1

RC

] [
iL

Vout
] + [

1

L

0
] Vin              (8) 
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Fig. 3. Boost converter in OFF mode. 

During OFF mode, the energy stored in the inductor is 

discharged by the diode to the output RC circuit. The 

equations can be given as follows: 

                            Vin − Vout − L
diL

dt
= 0                                 (9) 

                              iL −
Vc

R
− C

dVout

dt
= 0                                (10) 

Rearranging Eq. (9) and Eq. (10) to get the following state 

equation for the OFF mode: 

               [

diL

dt
dVout

dt

] = [
0

−1

L
1

C

−1

RC

] [
iL

Vout
] + [

1

L

0
] Vin                      (11) 

State space averaging technique serve to obtain a converter 

model over one switching period. In other words, it is required 

to replace the state space, which represents approximately the 

behaviour of the circuit over the entire period T [6]. Using 

state space averaging technique, the averaged modified model 

is given by: 

              A =  A1α + A2(1 − α)                                        (12) 

               B =  B1α + B2(1 − α)                                       (13) 

Where A1, A1, B1 and B1 are given by: 

A1 = [
0 0

0
−1

RC

]                   A2 = [
0

−1

L
1

C

−1

RC

]           

 B1 = [
1

L

0
]             B2 = [

1

L

0
] 

Using the above Eq. (12) and Eq. (13) to get the average space 

state model of the converter over the whole period T. 

 [

diL

dt
dVout

dt

] = [
0

−(1−α)

L
(1−α)

C

−1

RC

] [
iL

Vout
] + [

1

L

0
] Vin           (14) 

Defining the state vector as: 

                                 x = [il    Vo]T                        (15) 

The equation (15) can be expressed as follows: 

                                      ẋ = Ax + BVin                        (16) 

                                         y = Cx                            (17) 

Where y is the output vector and: 

A =  [
0 −

(1−α)

L
1−α

C
−

1

RC

]      B =  [
1

L

0
]         C = [0     1]      

 
3. Controller Design 

To demonstrate the performance of the proposed DC/DC 

boost converter, we must analyze the behavior of our 

converter in an open loop under MATLAB/Simulink with the 

parameters indicated before. The input voltage was initially 

set to 12 V, the voltage reference to 24 V and the resistive load 

set to 100 Ω.  

Fig. 4 illustrates the simulation result of output voltage of the 

converter without controller. 

 
Fig. 4. The open loop response of the boost  

converter  

After analysing the output voltage response of the 

converter, we can extract the performances of the transient 

response as peak overshoot ratio, rise time, peak time and 

settling time, the results are presented in below: 

• Peak overshoot ration:  87.5% 

• Rise time: 3,4 ms 

• Peak time: 4,5 ms 

• Settling time: 6,4 ms 

Based on the simulation results obtained from Fig. 4, the open 

loop circuit respond has a high peak overshoot 87.5\% and an 

important settling time 6.4 ms that needs to reduce and 

improve. So, we can easily notice the necessity of a controller 

in order to improve the performances of the boost converter. 

The control parameters for DC/DC converters are the output 

voltage, input voltage, reference voltage and duty cycle. 

3.1. Fuzzy Logic Controller 

Fuzzy logic control (FLC) is a famous control technique 

which is based on artificial intelligence. The primary role of 

FLC is to implement decision rules by analyzing the system 

behavior and the input language variables, before generating 

any output from FLC, the inputs provided to the controller 

must go through three essential steps: fuzzification, inferences 

and defuzzification [13]. In the fuzzification phase, the input 

variables are transformed into linguistic variables using 

predefined membership functions (MFs). The output of the 

fuzzification step is then used to generate the fuzzified output 

according to the defined set of rules. Finally, in the 

defuzzification step, the fuzzy output is transformed into the 

required output used to control the converter [17]. 

FLC reads the output voltage value of the DC converter, 

the inputs are taken as the error e that is the difference between 

the actual value of the output voltage and the value of the 

setpoint voltage, and change in this error ∆e, the output will 

be the duty cycle 𝛼 of the Pulse Width Modeling PWM signal 

[14].  

In Fig. 5, triangular membership functions (MFs) are 

employed for the FLC to make the computation easier. 
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Fig. 5. Boost converter in close loop with FLC. 

Table 1 shows the fuzzy rule table. The rules are in the 

form "If...Then", the "If" part is called the condition and the 
"Then" part is called the conclusion. the control strategy is 

structured in a natural language. Tree terms are used as 

linguistics variables: negative (N), zero (ZE) and positive (P) 

to describe each linguistic variable for both input variables e 

and ∆e as well as output variable 𝛼 [7]. 

Table 1. The rules of fuzzy logic 

𝒆 

𝚫𝒆 

N Z P 

N P P P 

Z P ZE N 

P P N N 

Figure 6 shows a group of the membership functions of 

the controller, these MFs take different shapes for example 

(Gaussian, triangular and trapezoids...), the most types used in 

the literature are triangles and trapezoids [14]. 
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Fig. 6. Membership functions plots. 

3.2.  Sliding Mode Controller 

Sliding Mode Control (SMC) is a non-linear type of 

control, which was originally introduced for the control of 

variable structural systems. Its main advantages are the 

guarantee of stability and robustness for wide variations in 

system parameters, input and disruptions on the system. The 

control strategy has two basic modes [18]. First one is the 

approach mode in which the trajectory moves to the slip line 

from any initial point and the second one is the sliding mode 

where the state trajectory moves to the origin along the 

switching line and the states do not leave it. In this study, we 

introduce the concept of the approaching mode [7]. The 

synthesis of a SMC can be summarized into several steps: The 

choice of the sliding surface, checking the attractiveness of the 

sliding surface, the demonstration of the existence of the 

sliding mode and the study of the stability of the control on the 

sliding surface [8]. 

The state variables are given as: 

x = [

x1

x2

x3

] = [

Vref − βVout
d

dt
(Vref − βVout)

∫(Vref − βVout)dt

]                                 (18) 

x1, x2 and x3 are respectively the voltage error, the derivative 

of the error and the integral of the error. Vref  and β are the 

reference voltage and the ratio of the voltage divider at the 

output of the converter. Considering Eq. (8), Eq. (11) and Eq. 

(15), the Eq. (20) can be re-expressed as follows: 

x = [

x1 = Vref − βVout

x2 =
βVout

RC
+

β

LC
∫(Vref − Vin)α̅dt

x3 = ∫(Vref − βVout)dt

]                 (19) 

The equation of state for the control system in the vector space 

are written in the following form: 

[

ẋ1

ẋ2

ẋ3

] = [

0 1 0

0 −
1

RC
0

1 0 0

] [

x1

x2

x3

] + [

0
βVout

RC
−

βVin

LC

0

] u̅       (20) 

The SMC law indicates the switching function as follows: 

  u = {
1,        when  γ > 0
0,        when  γ < 0

                                       (21) 

Where 𝛾 is the instantaneous state trajectory and is equal to: 

      γ =  x1α1 + x2α2 + x3α3 = JTx                       (22) 

JT = [α1 α2 α3] 

Where the Eq. (22) presents the sliding coefficients. 

In order to drive the switch T of the converter by the pulse 

width modulation (PWM) technique, the two control 

signals Vc and a sawtooth signal  Vr are compared, by setting 

the frequency of  Vr identical to the signal frequency of PWM. 

In the first step, the equivalent control signal,  ueq, is obtained 

using the unsteady condition and in second step, during the 

process of deriving the trajectory of the instantaneous state γ,  
the equivalent control signal  ueq will be translated into PWM 

duty cycle.   

                        γ̇ = JTAx + JTBu̅eq = 0                                   (23) 

Were   

                           u̅eq = −[JTB]−1 JTAx                           (24) 

u̅eq =
βL

β(Vout−Vin)
(

α1

α2
−

1

RC
) ic −

α3LC

α2β(Vout−Vin)
(Vref − βVout)        (25) 

For this equation, 0 < u̅eq < 1 by considering: 

                            u̅eq = 1 − ueq                                             (26) 

Eq. (26) can be summarized as follow: 
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0 < ueq =
−icβL(

α1
α2

−
1

RC
)+

α3
α2

(Vref−βVout)LC+β(Vout−Vin)

β(Vout−Vin)
< 1 (27) 

In a similar expression: 

0 < ueq =
−KP1ic+KP1(Vref−βVout)+β(Vout−Vin)

β(Vout−Vin)
< 1    (28) 

           0 < ueq =
Vc

Vr
< 1                                         (29) 

Were  

                 KP1 =  βL (
α1

α2
−

1

RC
)                              (30) 

                 KP2 =  
α3

α2
LC                                            (31) 

By considering: 

                      Vr =  β(Vout − Vin)                                      (32) 

The relation between Vc and Vr is defined. In relation to the 

damping coefficient and the settling time, the SMC 

coefficients can be determined [5].  

Fig. 7 presents the boost converters and the controller circuits. 
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VrefPWM

β (Vout-Vin) 

β (Vout-Vin)

Vc

βVin 

Vr

 

Fig. 7. Boost converter in close loop with SMC. 

 

4. Simulation and Results 

The results of the simulation for fuzzy logic 

controller and sliding mode controller on boost converter 

and the performances of both controllers have been 

validated using MATLAB/Simulink R2019a 

environment. The results are based on output voltage 

response, peak overshoot percentage, settling time and 

mean average precision (MAP) for both controllers.  

Figure 8 is showing the output voltage response 

waveform of the boost converter under a constant input 

voltage, while being controlled by the FLC. The FLC is a 

type of controller that uses fuzzy logic to make decisions 

based on input variables. The waveform of the output 

voltage response that showen the changes in the output 

voltage over time as the input voltage remains constant at 

12V 

 
Figure 8. Output voltage response with FLC 

İn Fig. 9 shows the output voltage response waveform of 

the boost converter with a variation in input voltage, while 

being controlled by the FLC. The input voltage is likely being 

varied within a specific range, and the waveform of the output 

voltage response shows the changes in the output voltage over 

time as the input voltage varies. 

 
Fig. 9. Output voltage response with FLC under 

variation of Vin 
 

In Fig.10 shows a graph that shows the response of a boost 

converter that is controlled by a sliding mode controller 

(SMC) when the input voltage is held constant. 

Figure 11 reveals the response of the same boost converter as 

in Fig. 10, but with a different input voltage condition. 

Specifically, the input voltage is likely varied within a specific 

range to test the performance of the boost converter under 

varying voltage conditions. 

 
Fig. 10. Output voltage response with SMC 

 
Fig. 11. Output voltage response with SMC under 

variation of Vin 
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The following Fig. 12 shows the response of the output 

voltage of the converter with the two controllers FLC and 

SMC. The purpose of the graph is to compare the performance 

of two different controllers, FLC and SMC, with respect to the 

output voltage of a converter. The response of the converter to 

each of these controllers is shown in the graph. The 

comparison is made in terms of two factors - rapidity and 

precision. Rapidity refers to how quickly the controllers can 

respond to changes in the input voltage and precision refers to 

how accurately they can maintain the desired output voltage.  

 
Fig. 12. Output voltage response with both controllers 

 

In order to evaluate the precision of each controller, 

statistical analysis is performed using the mean absolute 

percentage error (MAPE) [6]. It can be calculated as the 

relative error, which is equal the absolute error between the 

output voltage value and the reference voltage divided by 

output voltage value as shown in the equation below: 

MAPE =
1

N
∑ |

Vout−Vin

Vout
| × 100N

t=t0
                       (33) 

The results of the mean absolute percentage error for the both 

controllers are presented in below: 

➢ For FLC:      MAPE = 8,8% 

➢ For SMC:      MAPE = 2,05% 

 

Figures 13, 14 and 15 show the response of a boost 

converter that is controlled by an FLC (fuzzy logic controller) 

to variations in R (resistance), L (inductance), and C 

(capacitance). The boost converter is a type of DC-DC 

converter that steps up the voltage from its input to its output. 

The response of the converter refers to how it behaves in terms 

of its output voltage when changes are made to the input 

voltage or to the components in the converter circuit. 

 
Fig. 13. Output voltage response with FLC under 

variations of R 

 
Fig. 14. Output voltage response with FLC under 

variations of L 

 
Fig. 15. Output voltage response with FLC under 

variations of C 

 
Figures 16, 17 and 18 present the wave form of boost 

converter with SMC submitted to variations in R, L and C. 

The output voltage response of a DC/DC Boost converter 

with sliding mode control (SMC) can be affected by changes 

in the value of the capacitor (C) or the inductance (L) used in 

the converter. Fig. 18 and Fig.17 show the waveform of the 

output voltage response of the converter with SMC under 

variations of C and L. 

When the value of C is decreased, the output voltage 

response shows a faster rise time and settles to the desired 

output voltage value faster compared to the case when C is 

increased. This can be attributed to the fact that a smaller value 

of C leads to a higher charging current and a faster response 

of the converter. On the other hand, when the value of C is 

increased, the output voltage response shows a slower rise 

time and longer settling time to the desired output voltage 

value and same for the value of (L).  

 
Fig.16. Output voltage response with SMC under 

variations of R  
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Fig. 17. Output voltage response with SMC under 

variations of L 

 
Fig. 18. Output voltage response with SMC under 

variations of C 
 

According to the figures above, we can notice that the two 

control techniques give good performances, the overshoot is 

zero percent in the case of SMC and for FLC it is reduced to 

4% and the response time has decreased from 6.4 ms to 5.6 ms 

for SMC and to 6.2 ms for FLC.  

With a variation of the input voltage, the response perfectly 

follows the reference voltage with a small deviation of the 

output voltage on the moment of changing Vin, however SMC 

operates at a wide voltage range input voltage from 10 V to 18 

V in comparison with FLC from 11 V to 15 V.  

By varying the resistive load of the converter, it was 

observed that both FLC and SMC controllers are more stable. 

The SMC controller showed better tracking of the reference 

voltage and operates at a wider range of resistive values from 

50 to 200, while FLC operates in the range of 80 to 120. 

Additionally, the internal values of the converter, such as the 

inductance L and the capacitor C, were also varied by ±20% 

and ±30%, respectively. It was found that despite the changes 

in the internal values, both controllers were able to track the 

desired output voltage value accurately, indicating their 
effectiveness in maintaining stability and precision. This is 

demonstrated in Fig. 16, Fig. 17 and Fig. 18 which show the 

waveforms of the boost converter with SMC under variations 

in R, L, and C. 

Table 2 provides a summary of the performance 

comparison between two types of controllers (fuzzy logic 

controller and sliding mode controller) based on the 

characteristics of the transient response of a converter. The 

transient response of a converter refers to the behavior of the 

converter during the time it takes for the output to settle after 

a change in the input or load. The table includes information 

such as rise time, settling time, overshoot, and steady-state 

error of the output voltage for both types of controllers, which 

can be used to compare and evaluate their performance in 

regulating the output voltage of the converter. 

Table 2. The comparison results of the two controllers  

 

The controller Without 

controller 
FLC SMC 

Peak overshoot 

ration (%) 
87.5 4,16 0 

Rise time (ms) 3,4 3,7 5,6 

Peak time (ms) 4,5 4 5,6 

Settling time (ms) 6,4 6,2 5,6 

Range of 

variation of   Vin 
- 

12 V to 

15 V 

10 V to 

18 V 

MAPE (%) 15 8,8 2,05 

 

5. Conclusion 

This study aims to compare the performance of two 

different controllers, fuzzy logic controller (FLC) and sliding 

mode control (SMC), on a DC/DC boost converter. Both 

controllers were modeled, designed, and simulated using 

MATLAB/SIMULINK software. The results of the 

simulations showed that the sliding mode controller 

outperformed the fuzzy logic controller in terms of dynamic 

response. The SMC exhibited a fast transient response with 

almost zero overshoot ratio, which allowed it to achieve the 

desired output voltage of the boost converter quickly. Both 

controllers were found to be stable when varying with 

different input voltage. However, the SMC was able to operate 

under a wider range of input voltage, load, and internal 

converter components compared to the FLC. Thus, the SMC 

is more suitable for common DC/DC boost converter 

applications. The findings of this study can be used to inform 

the selection of an appropriate controller for a DC/DC boost 

converter system. 

The two controllers proposed in this study have some 

limitations. The FLC requires rules to function properly 

despite not needing a mathematical model, resulting in a high 

computational load. On the other hand, the SMC suffers from 

a weakness known as the chattering phenomenon, which has 

been the focus of many research papers aiming to eliminate it 

using various methods. One such method involves designing 

a high-order slip mode control that can effectively eliminate 

chattering. 
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