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PERFORMANCE EVALUATION OF PI AND FUZZY LOGIC CONTROLLERS 

FOR A BIDIRECTIONAL BUCK-BOOST DC/DC CONVERTER  

IN V2G AND G2V APPLICATIONS 

This paper presents a comparative analysis of a linear proportional-integral controller and a nonlinear fuzzy logic 

controller for a bidirectional buck-boost converter in onboard chargers for vehicle-to-grid and grid-to-vehicle 

applications. The study examines the robustness of both control strategies under voltage variations and assesses 

their dynamic response to setpoint changes. Simulation results highlight the advantages and limitations of each 

controller in terms of stability, transient behaviour, and adaptability to varying operating conditions. The findings 

provide insights into selecting the most effective control approach for enhancing the performance and reliability 

of bidirectional power conversion in electric vehicle charging systems. 

1. INTRODUCTION 

Electrifying the transportation sector presents a compelling solution to pressing 

environmental and public health challenges. By reducing reliance on traditional internal 

combustion engine (ICE) vehicles, electric vehicles (EVs) emerge as a cleaner and more 

sustainable alternative, paving the way for a greener and healthier future [1]. EVs with 

advanced energy storage systems have gained attention as potential alternative energy 

sources. Moreover, researchers advocate for utilizing EVs in stationary applications, as they 

remain parked for a large time of the day. Using EVs as mobile power plants enables 

bidirectional energy flow between vehicles, homes, and the grid [2]. This approach enhances 

system flexibility, improves efficiency, and helps maintain energy balance [3]. To promote 

the integration of EVs as mobile power plants, providing electrical energy from EVs to the 

grid at opportune times provides numerous important benefits, including improved grid 
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stability and reduced peak demand [2]. This is known as vehicle-to-grid (V2G). Conversely, 

charging EVs from the grid is referred to grid-to-vehicle (G2V) concept [4]. Additionally, EV 

can supply energy directly to homes or buildings in a stand-alone mode without connecting 

to the main power grid, this is known as vehicle to home (V2H) [5]. Figure 1 depicts all 

potential strategies for providing energy from EVs. 

To enable the charging and discharging of EV batteries, two main types of chargers are 

utilized: onboard and off-board chargers. Onboard chargers can be designed as 

unidirectional/bidirectional, single-stage/multi-stage systems and may be categorized as 

integrated or non-integrated configurations [2, 6, 7]. This paper focuses on the two-stage 

bidirectional onboard charger, which consists of a bidirectional AC/DC converter connected 

to a bidirectional DC/DC converter, with particular emphasis on the bidirectional DC/DC 

converter as shown in Fig. 2. 

 

Fig. 1. Strategies for delivering energy from EVs that are viable. V2G, G2V, and V2H  

(RES: Renewable Energy Sources)  

 

Fig. 2. Two stage bidirectional onboard charger block diagram 

As highlighted in various studies, commonly used bidirectional DC/DC converters in 

onboard chargers for V2G and G2V applications include non-isolated types such as buck-

boost and interleaved converters, which are favoured for their simplicity and efficiency. On 

the other hand, isolated topologies like the dual active bridge, dual active half-bridge, CLLC, 

and LCL resonant converters are preferred for their high efficiency and galvanic isolation  

[8–10]. To control those converters, the commonly used strategies include proportional-

integral-derivative (PID) control, sliding mode control, dynamic evolution control, model 

predictive control, fuzzy logic control (FLC), digital control, and boundary control, as 

reported in studies [9, 11, 12].  
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In this study focuses on the non-isolated bidirectional buck-boost DC/DC converter and 

analyse its performance under two different control strategies: the conventional PI controller, 

classified as a linear control method, and the FLC, which represents a nonlinear approach. 

While numerous studies [13–16] have compared the performance of PI and FLC in 

unidirectional converters such as buck, boost, and buck-boost topologies, limited research has 

been conducted on their application in bidirectional converters. Given the growing 

importance of bidirectional power flow in applications such as EVs and renewable energy 

systems, this study aims to provide a comprehensive performance comparison of PI and FLC 

in a bidirectional topology. Unlike previous works, this work highlights the novelty of 

evaluating both buck and boost modes with multiple performance indices, providing a more 

comprehensive comparison for practical bidirectional applications. The results will contribute 

to a better understanding of the advantages and limitations of each controller, offering insights 

for optimizing the control strategy of bidirectional DC/DC converters in practical 

applications. 

2. PRESENTATION OF THE BIDIRECTIONAL BUCK-BOOST DC/DC 

CONVERTER 

Non-isolated bidirectional DC/DC converters (BDC) rely on an inductor as the energy 

transfer unit to facilitate power transfer between the source and the load. These topologies are 

more cost-effective than isolated DC/DC due to the absence of a high-frequency transformer. 

Additionally, they feature fewer switches and passive components, simplifying the design and 

reducing overall costs [17]. However, non-isolated topologies fall short of meeting safety 

standards, which limits their applicability in certain scenarios. Furthermore, they offer a 

narrower voltage conversion range, a more restricted soft-switching range, and reduced 

control complexity compared to isolated topologies [18]. The buck-boost converter is the 

most widely used non-isolated topology. In this configuration, the BDC functions as a boost 

converter during V2G operation and a buck converter during G2V operation [8, 9]. The 

topology chosen comprises two bidirectional switches (S1 and S2), which are typically 

realized using MOSFETs or IGBTs. It also includes a DC bus capacitor C1, an output 

capacitor C2, and an inductor L as shown in Fig. 3. 

The inductor L, the DC bus capacitor C1, the output capacitor C2 can be calculated 

using equations 1, 2, and 3 respectively. 

𝐿 =
(𝑉𝑑𝑐 − 𝑉𝑏𝑎𝑡) .  𝐷

∆𝐼𝐿 .  𝑓𝑠𝑤
 (1) 

𝐶1 =
𝐼𝑜𝑢𝑡  .  𝐷

∆𝑉𝑑𝑐  .  𝑓𝑠𝑤
 (2) 

𝐶2 =
(1 − 𝐷) .  𝑉𝑏𝑎𝑡

8𝐿 .  ∆𝑉𝑏𝑎𝑡 .  𝑓𝑠𝑤
2 (3) 
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The duty cycle associated with each mode is given in the equations 4 and 5: 
 

𝐷(𝑏𝑢𝑐𝑘 𝑚𝑜𝑑𝑒) =
𝑉𝑏𝑎𝑡
𝑉𝑑𝑐

 (4) 

𝐷(𝑏𝑜𝑜𝑠𝑡 𝑚𝑜𝑑𝑒) =
𝑉𝑑𝑐 − 𝑉𝑏𝑎𝑡

𝑉𝑑𝑐
 (5) 

 

Fig. 3. Bidirectional buck-boost topology: buck and boost modes direction 

2.1. STATE-SPACE MODELLING FOR BUCK MODE 

In buck mode, the converter steps down Vdc to Vbat. During this mode, S1 is actively 

switched while S2 remains off. When S1 is ON, current flows from Vdc through S1 and the 

inductor L to charge the battery. When S1 is OFF, the inductor's stored energy maintains the 

current flow, which passes through the body diode of S2 to continue charging the battery. The 

equivalent circuits for buck mode, when S1 is ON and OFF, are illustrated in Fig. 4. 

 

Fig.  3. Buck mode: (a) when 𝑆1 is ON, (b) when 𝑆1 is OFF 
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 To model the buck mode of this converter, state-space modelling was used, it consists 

of two equations: the state equation and the output equation, as shown in the equations 6 and 

7 respectively. 

𝑥̇ = 𝐴 𝑥(𝑡) + 𝐵 𝑢(𝑡) (6) 

y(t) = C x(t) + D u(t) (7) 

 In this mode the state variables are 𝑥1(𝑡) = 𝑖𝐿(𝑡) and 𝑥2(𝑡) = 𝑉𝐶2(𝑡).  
In the first period, when 𝑆1 is ON, Kirchhoff's rules are applied to obtain (8). Where 

𝑅𝑏𝑢𝑐𝑘  is the output load during buck mode, and 𝑟𝑆1  and 𝑟𝐿  are the switch resistance and 

inductance resistance, respectively.  

{
 

 
𝑑𝑖𝐿(𝑡)

𝑑𝑡
=
𝑉𝑑𝑐(𝑡)

𝐿
−
𝑉𝐶2(𝑡)

𝐿
−
( 𝑟𝑆1 + 𝑟𝐿)

𝐿
𝑖𝐿(𝑡)

𝑑𝑉𝐶2(𝑡)

𝑑𝑡
=
𝑖𝐿(𝑡)

𝐶2
−
𝑉𝐶2(𝑡)

𝑅𝑏𝑢𝑐𝑘𝐶2

 

 

(8) 

Using (8) the state-space representation will be as shown in (9). 

[

𝑑𝑖𝐿(𝑡)

𝑑𝑡
𝑑𝑉𝐶2(𝑡)

𝑑𝑡

] =

[
 
 
 −
( 𝑟𝑆1 + 𝑟𝐿)

𝐿
−
1

𝐿
1

𝐶2
−

1

𝑅𝑏𝑢𝑐𝑘𝐶2]
 
 
 

 [
𝑖𝐿(𝑡)

𝑉𝐶2(𝑡)
] + [

1

𝐿
0

] 𝑉𝑑𝑐(𝑡) 

 𝑉𝑏𝑎𝑡(𝑡) = [0 1] [
𝑖𝐿(𝑡)
𝑉𝐶2(𝑡)

] + [0] 𝑉𝑑𝑐(𝑡)  

 

 

(9) 

 

In the second period, 𝑆1 is OFF and the current passes through the body diode of 𝑆2 

resulting in (10). 

{
 

 
𝑑𝑖𝐿(𝑡)

𝑑𝑡
= −

𝑉𝐶2(𝑡)

𝐿
−
𝑟𝐿
𝐿
𝑖𝐿(𝑡)

𝑑𝑉𝐶2(𝑡)

𝑑𝑡
=
𝑖𝐿(𝑡)

𝐶2
−
𝑉𝐶2(𝑡)

𝑅𝑏𝑢𝑐𝑘𝐶2

 

 

(10) 

Using (10), the state-space representation given as follows (11). 

[

𝑑𝑖𝐿(𝑡)

𝑑𝑡
𝑑𝑉𝐶2(𝑡)

𝑑𝑡

] =

[
 
 
 −
𝑟𝐿
𝐿

−
1

𝐿
1

𝐶2
−

1

𝑅𝑏𝑢𝑐𝑘𝐶2]
 
 
 
 [
𝑖𝐿(𝑡)

𝑉𝐶2(𝑡)
] + [

0
0
] 𝑉𝑑𝑐(𝑡) 

 𝑉𝑏𝑎𝑡(𝑡) = [0 1] [
𝑖𝐿(𝑡)

𝑉𝐶2(𝑡)
] + [0] 𝑉𝑑𝑐(𝑡) 

 

 

(11) 
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Based on linearization theory, and by introducing perturbation, the system will be split 

into a DC component and an AC component as shown in (12). 

𝑥(𝑡) = 𝑋 + 𝑥̂(t) 

𝑉𝑏𝑎𝑡(𝑡) = 𝑉𝑏𝑎𝑡 + 𝑣𝑏𝑎𝑡̂ (𝑡) 
 𝑉𝑑𝑐(𝑡) =  𝑉𝑑𝑐 +  𝑣𝑑𝑐̂(𝑡) 

𝑑(𝑡) = 𝐷 + 𝑑̂(𝑡) 

 

(12) 

In this mode, the input voltage is considered constant, which means that 𝑣𝑑𝑐̂(𝑡)=0. By 

substituting these signals into the average state-space equations, (13) and (14) are obtained. 

𝑑𝑥̂(t)

𝑑𝑡
= 𝐴X + 𝐵𝑉𝑑𝑐 + 𝐴𝑥̂(t) + [𝑋(𝐴𝑜𝑛 − 𝐴𝑜𝑓𝑓) +  𝑉𝑑𝑐(𝐵𝑜𝑛 − 𝐵𝑜𝑓𝑓)]𝑑̂(𝑡)

+ (𝐴𝑜𝑛 − 𝐴𝑜𝑓𝑓)𝑥̂(t)𝑑̂(𝑡) 
(13) 

𝑉𝑏𝑎𝑡 + 𝑣𝑏𝑎𝑡̂ (𝑡) = 𝐶𝑋 + 𝐶𝑥̂(t) + 𝑋(𝐶𝑜𝑛 − 𝐶𝑜𝑓𝑓)𝑑̂(𝑡) + (𝐶𝑜𝑛 − 𝐶𝑜𝑓𝑓)𝑥̂(t)𝑑̂(𝑡) (14) 

Where 𝐴, 𝐵, and 𝐶 matrices are equal to: 

𝐴 = 𝐷𝐴𝑜𝑛 + (1 − 𝐷)𝐴𝑜𝑓𝑓 

𝐵 = 𝐷𝐵𝑜𝑛 + (1 − 𝐷)𝐵𝑜𝑓𝑓 

𝐶 = 𝐷𝐶𝑜𝑛 + (1 − 𝐷)𝐶𝑜𝑓𝑓 

 

(15) 

By neglecting the second-order AC term and keeping only the first-order AC term [19], 

and knowing that 𝐴𝑜𝑛 ≠ 𝐴𝑜𝑓𝑓, 𝐵𝑜𝑛 ≠ 𝐵𝑜𝑓𝑓, 𝐶𝑜𝑛 = 𝐶𝑜𝑓𝑓, the extracted small-signal transfer 

function in the Laplace domain is shown in (16). 

𝑣𝑏𝑎𝑡̂ (𝑠)

𝑑̂(𝑠)
= 𝐶(𝑠𝐼 − 𝐴)−1[𝑋(𝐴𝑜𝑛 − 𝐴𝑜𝑓𝑓) +  𝑉𝑑𝑐(𝐵𝑜𝑛 − 𝐵𝑜𝑓𝑓)] (16) 

Where 𝐶 and 𝐴 are defined in (15), 𝐼 is an identity matrix, and 𝑋 is the DC term (𝑉𝑏𝑎𝑡 and 𝐼𝐿). 

The final small signal transfer function for boost mode, based on the parameters provided in 

Table 1, is expressed as follows: 

𝑇𝐹𝑏𝑢𝑐𝑘(𝑠) =
𝑣𝑏𝑎𝑡̂ (𝑠)

𝑑̂(𝑠)
=
798400𝑠 + 7.984 107

𝑠2 + 700𝑠 + 2.006 107
 

(17) 

2.2. STATE-SPACE MODELLING FOR BOOST MODE 

In boost mode, the converter steps up Vbat to Vdc. Here, S2 is actively switched while S1 

remains off. When S2 is ON, the inductor stores energy from the battery. When S2 is OFF, the 

energy stored in the inductor is released, causing current to flow through the body diode of 
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S1 to the input of the bidirectional AC/DC linked to the grid. The equivalent circuits for boost 

mode, when S2 is ON and OFF, are illustrated in Fig. 5. 

For boost mode, the state variables are x1 (t)=iL (t) and x2 (t)=VC1 (t), during the first 

period, when S2 is ON and when S2 is OFF, (18) and (19) are obtained. Where Rboost represent 

the output load during boost mode. 

 

Fig. 4. Boost mode: (a) when 𝑆2 is ON, (b) when 𝑆2 is OFF 

{
 

 
𝑑𝑖𝐿(𝑡)

𝑑𝑡
=
𝑉𝑏𝑎𝑡(𝑡)

𝐿
−
( 𝑟𝑆2 + 𝑟𝐿)

𝐿
𝑖𝐿(𝑡)

𝑑𝑉𝐶1(𝑡)

𝑑𝑡
= −

𝑉𝐶1(𝑡)

𝑅𝑏𝑜𝑜𝑠𝑡𝐶1

 

 

(18) 

{
 

 
𝑑𝑖𝐿(𝑡)

𝑑𝑡
=
𝑉𝑏𝑎𝑡(𝑡)

𝐿
−
𝑉𝐶1(𝑡)

𝐿
−
𝑟𝐿
𝐿
𝑖𝐿(𝑡)

𝑑𝑉𝐶1(𝑡)

𝑑𝑡
=
𝑖𝐿(𝑡)

𝐶1
−

𝑉𝐶1(𝑡)

𝑅𝑏𝑜𝑜𝑠𝑡𝐶1

 

 

(19) 

Witch gives the state representation when 𝑆2 is ON and OFF, as shown in (20) and (21) 

respectively. 

[

𝑑𝑖𝐿(𝑡)

𝑑𝑡
𝑑𝑉𝐶1(𝑡)

𝑑𝑡

] =

[
 
 
 −
( 𝑟𝑆2 + 𝑟𝐿)

𝐿
0

0 −
1

𝑅𝑏𝑜𝑜𝑠𝑡𝐶1]
 
 
 

 [
𝑖𝐿(𝑡)
𝑉𝐶1(𝑡)

] + [
1

𝐿
0

] 𝑉𝑏𝑎𝑡(𝑡) 

 𝑉𝑑𝑐(𝑡) = [0 1] [
𝑖𝐿(𝑡)

𝑉𝐶1(𝑡)
] + [0]𝑉𝑏𝑎𝑡(𝑡) 

 

(20) 

      

[

𝑑𝑖𝐿(𝑡)

𝑑𝑡
𝑑𝑉𝐶1(𝑡)

𝑑𝑡

] =

[
 
 
 −
𝑟𝐿
𝐿

−
1

𝐿
1

𝐶1
−

1

𝑅𝑏𝑜𝑜𝑠𝑡𝐶1]
 
 
 
 [
𝑖𝐿(𝑡)
𝑉𝑑𝑐(𝑡)

] + [
1

𝐿
0

] 𝑉𝑏𝑎𝑡(𝑡) 

𝑉𝑑𝑐(𝑡) = [0 1] [
𝑖𝐿(𝑡)

𝑉𝑑𝑐(𝑡
] + [0]𝑉𝑏𝑎𝑡(𝑡) 

 

(21) 

S1

S2

L

C1

C2

S1

S2

L

C1
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VL VL
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By introducing perturbation as mentioned in (12). And considering that the battery 

voltage is constant, which means that  𝑣𝑑𝑐̂(𝑡)=0. The substitution in the state-space equations 

results in (22) and (23) respectively. 

𝑑𝑥̂(t)

𝑑𝑡
= AX + 𝐵𝑉𝑏𝑎𝑡 + 𝐴𝑥̂(t) + [𝑋(𝐴𝑜𝑛 − 𝐴𝑜𝑓𝑓) +  𝑉𝑏𝑎𝑡(𝐵𝑜𝑛 − 𝐵𝑜𝑓𝑓)]𝑑̂(𝑡)

+ (𝐴𝑜𝑛 − 𝐴𝑜𝑓𝑓)𝑥̂(t)𝑑̂(𝑡) 

(22) 

𝑉𝑑𝑐 + 𝑣𝑑𝑐̂(𝑡) = 𝐶𝑋 + 𝐶𝑥̂(t) + 𝑋(𝐶𝑜𝑛 − 𝐶𝑜𝑓𝑓)𝑑̂(𝑡) + (𝐶𝑜𝑛 − 𝐶𝑜𝑓𝑓)𝑥̂(t)𝑑̂(𝑡) (23) 

Given that 𝐴𝑜𝑛 ≠ 𝐴𝑜𝑓𝑓 , 𝐵𝑜𝑛 = 𝐵𝑜𝑓𝑓 , 𝐶𝑜𝑛 = 𝐶𝑜𝑓𝑓 . From (22) and (23), the extracted 

small-signal transfer function in the Laplace domain is shown in (24). 

𝑣𝑑𝑐̂(𝑠)

𝑑̂(𝑠)
= 𝐶(𝑠𝐼 − 𝐴)−1(𝐴𝑜𝑛 − 𝐴𝑜𝑓𝑓)𝑋 (24) 

Where 𝐶 and 𝐴 are declared in (15). Using the parameters in Table 1, the final small signal 

transfer function for boost mode is written in (25). 

𝑇𝐹𝑏𝑜𝑜𝑠𝑡(𝑠) =
𝑣𝑑𝑐̂(𝑠)

𝑑̂(𝑠)
=
−6000𝑠 + 3.958 . 108

2𝑠2 + 610𝑠 + 50600
 (25) 

3. DESIGN OF CONTROL SYSTEMS 

3.1. DESIGN OF PI CONTROLLER 

PID controller is the preferred control approach due to its simple implementation [11]. 

The block diagram of this controller is shown in Fig. 6. The control output U is given as 

shown in equation (26). Where Kp is the proportional gain, Ki is the integral gain, Kd is the 

derivative gain, and ε is the error between the actual output and the desired value.  

 

𝑈 = 𝐾𝑝 + 𝐾𝑖 ∫ 𝜀
𝑡

0

𝑑𝑡 + 𝐾𝑑
𝑑𝜀

𝑑𝑡
 (26) 

 

 PI and PID controllers are classified as linear controllers, while FLC operates as a 

nonlinear controller. Both linear and nonlinear control methods are employed to regulate the 

performance of the converter[16]. In this case, PI controller was used, which is known to be 

challenging to tune [20]. There are several methods and techniques used to tune a PID 

controller such as Ziegler-Nichols step response method, Chien-Hrones-Reswick method, 

Approximate MIGO (M – Constrained Integral Gain Optimization) frequency response 

method, and Loop shaping method [21] [22]. In this case, based on the transfer functions (17) 

and (25) extracted for each mode, along with the PID Tuner tool in MATLAB, to adjust the 
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system bandwidth (in rad/s) to optimize the response time and tune the phase margin to 

enhance robustness. This process allowed the achievement of the best closed-loop response, 

yielding 𝐾𝑝 and 𝐾𝑖 values for each mode, as shown in Table 1. 

 

Fig.  5. Block diagram of PID controller 

Table 1. PI controller parameters for each mode 

 𝐾𝑝 𝐾𝑖 

Buck Mode 0 2.17975801146447 

Boost Mode 0.000349131423452806 0.257704553125067 

3.2. DESIGN OF FUZZY LOGIC CONTROLLER 

 DC/DC converters are nonlinear systems that can be controlled efficiently without the 

need for a precise mathematical model. To achieve this, FLC is used, which utilizes human-

like reasoning to analyse and define system characteristics. Such reasoning can be translated 

into a structured control framework, referred to as a rule base, which accommodates uncertain 

inputs. In bidirectional buck-boost systems and other power converters with FLC, there are 

typically two input signals that are processed: the error signal and the change in error signal 

as shown in the equations 27 and 28. Where 𝑉𝑜𝑢𝑡(𝑡) is the actual output of the converter and 

𝑉𝑟𝑒𝑓 is the desired value. The fuzzy rule is set for these two inputs based on the dynamic 

behaviour of the error signal [23]. The basic block diagram of FLC for DC/DC converters is 

shown in Fig. 7. 

𝜀(𝑡) = 𝑉𝑟𝑒𝑓 − 𝑉𝑜𝑢𝑡(𝑡) (27) 

∆𝜀(𝑡) = 𝜀(𝑡) − 𝜀(𝑡 − 𝑇) (28) 

 FLC comprises four essential components: the fuzzifier, knowledge base, inference 

system, and defuzzifier [15]. The fuzzifier transforms crisp input values into fuzzy values. 

The knowledge base includes the rule base, which is built on the principle of IF-THEN 

statements, and membership functions. Various types of membership functions, such as 

triangular, trapezoidal, and gaussian, can be employed [24]. The inference system acts as the 

brain of the controller, converting fuzzy inputs from the fuzzifier into fuzzy outputs based on 
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the rule base. Finally, the defuzzifier converts the fuzzy output from the inference system into 

a control signal for the converter. 

 

Fig. 6. Fuzzy logic controller block diagram 

 Several fuzzy inference systems (FIS) are commonly employed in fuzzy logic 

controllers, including Mamdani and Sugeno FIS [25, 26]. The Sugeno FIS was selected over 

the Mamdani FIS for this converter application due to its computational efficiency, smooth 

output generation, and compatibility with adaptive optimization techniques. Unlike Mamdani 

FIS, which require complex defuzzification, Sugeno’s rule consequents use mathematical 

functions that reduce real-time computational load and improve dynamic response which is 

critical for power electronics control [27, 28]. The controller's inputs are the error and change 

in error, which include five membership functions (MFs): Positive Big (PB), Positive Small 

(PS), Zero (ZE), Negative Small (NS), and Negative Big (NB). There are various forms of 

MFs, including triangular MF (trimf), trapezoidal MF (trapmf), Gaussian MF (gaussmf), 

Gaussian 2 MF (gauss2mf), and sigmoidal MF (sigmf). In this case, trapezoidal MF were 

chosen for the inputs, as illustrated in Fig. 8a. Table 2 shows that twenty-five rules are created 

from the five MFs for each input. Where D1, D2, D3, D4, and D5 are linear functions and 

represent the switching duty cycle as shows in (29). The surface graph of the fuzzy system is 

shown in Fig. 8b. 

 

Fig. 7. a) Error and change in error MFs, b) FIS surface graph 
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Table 2. Fuzzy rule base 

Error/Change in Error NB NS ZE PS PB 

NB D5 D5 D4 D4 D3 

NS D5 D4 D4 D3 D2 

ZE D4 D4 D3 D2 D1 

PS D4 D3 D2 D2 D1 

PB D3 D2 D2 D1 D1 

 

𝐷1 = 0.5 𝜀(𝑡) + 0.5 ∆𝜀(𝑡) + 0.5 

𝐷2 = 0.4 𝜀(𝑡) + 0.4 ∆𝜀(𝑡) + 0.4 

𝐷3 = 0.3 𝜀(𝑡) + 0.3 ∆𝜀(𝑡) + 0.3 

𝐷4 = 0.2 𝜀(𝑡) + 0.2 ∆𝜀(𝑡) + 0.2 

𝐷5 = 0.1 𝜀(𝑡) + 0.1 ∆𝜀(𝑡) + 0.1 

 

 

(29) 

4. SIMULATION, RESULT, AND DISCUSSION 

 The simulation of the proposed converter was performed using MATLAB Simulink. 

The parameters used for the simulation and for calculating the transfer function in each mode 

are listed in Table 3. The model-based design of the converter for buck mode and boost mode 

is shown in Fig. 9. 

Table 3. Parameters of the converter used in the simulation 

Parameters Values 

Vdc  400 V 

Vbat  300 V 

Inductor (L) 0.5 mH 

DC capacitor (C1) 1000 uF 

Output capacitor (C2) 100 uF 

Switching frequency 10 kHz 

rS1= rS2 0.1 Ohms 

rL  0.25 Ohms 

 To evaluate each controller, a two-step approach was used. First, 𝑉𝑑𝑐 was increased from 

400 V to 450 V between 1 and 1.5 seconds. Then, 𝑉𝑑𝑐 decreased from 400 V to 350 V between 

2 and 2.5 seconds, while the setpoint of 𝑉𝑏𝑎𝑡 remained constant. This allowed the observation 

of the converter's behaviour under dynamic changes in 𝑉𝑑𝑐. The results obtained using the PI 

controller and the FLC are presented in Fig. 10 and 11, respectively. When comparing the 

response of the converter under both controllers, the FLC stands out for its faster response 

and better handling of voltage variations. It reaches the desired value in 0.38 ms compared to 

1.66 ms for the PI controller. More importantly, it settles in 1 ms, whereas the PI controller 

takes 10 ms to fully stabilize. Both controllers have similar overshoot, with the FLC slightly 

outperforming the PI controller (4.06% vs. 4.66%). However, the PI controller has a perfect 

steady-state accuracy, while the FLC holds a small 1 V steady-state error. The real advantage 



H. El-Hassouni et al. /Journal of Machine Engineering, 2025, Vol. 25  125 

 

 

of the FLC, though, is its robustness when the input voltage fluctuates, it maintains a smooth 

and stable response, while the PI controller shows small disturbances. The synthesis of the 

comparison is shown in Table 4. 

 

Fig. 8. Model based design of the converter 

Table 4. Comparison of PI and fuzzy logic controllers in buck mode 

 PI controller FLC 

Rise time (ms) 1.66 0.38 

Overshoot (%) 4.66 4.06 

Settling time (ms) 10 1 

Steady state error (V) 0 1 

Robustness to Voltage Sag Moderate High 

 

 

Fig. 9. Result in buck mode under PI controller 
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Fig. 10. Result in buck mode under FLC 

 In order to evaluate the converter in boost mode, the voltage 𝑉𝑏𝑎𝑡 remains constant while 

the setpoint for the DC voltage 𝑉𝑑𝑐  varies. Initially, the setpoint is set to 400 V, then it 

increases to 450 V for 1 second before stabilizing back at 400V. And this allows to evaluate 

the performance of the controllers under setpoint variations. Figures 12 and 13 illustrate the 

converter’s response using the PI and FL controllers, respectively. The comparison of the 

performance of the PI controller vs. FLC in the boost mode indicates that the FLC has superior 

dynamic response and robustness. The rise time is very similar in both controllers with the 

FLC providing a marginally improved response at 1.13 ms while that for the PI controller is 

1.16 ms. However, the FLC reduces overshoot from 19.4% for PI to 14.38%, indicating 

enhanced stability. The settling time is enhanced most, with the FLC settling at just 15 ms 

compared to the 77 ms of the PI controller, indicating a much quicker adjustment to steady-

state behaviour. The two controllers remain in the same steady-state error of 0V, ensuring 

precision in voltage regulation. Additionally, the FLC has a higher robustness against setpoint 

changes, which allows for more stable and efficient operation under various operating 

conditions, thereby making it a more adaptive and efficient choice for the boost mode of the 

bidirectional DC/DC converter. Table 5 summarize the result for boost mode. 

Table 5. Comparison of PI and fuzzy logic controllers in boost mode 

 PI controller FLC 

Rise time (ms) 1.16 1.13 

Overshoot (%) 19.4 14.38 

Settling time (ms) 77 15 

Steady state error (V) 0 0 

Robustness to setpoint change Moderate High 
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Fig.  11. Result in boost mode under PI controller 

 

Fig. 12. Result in boost mode under FLC 

5. CONCLUSION 

 This paper investigates a non-isolated buck-boost converter that enables bidirectional 

power flow, making it suitable for V2G and G2V applications. To evaluate its performance, 

a comprehensive simulation was conducted using MATLAB Simulink, comparing the 

effectiveness of a conventional PI controller and a FLC. The comparison between the PI 

controller and the FLC in both buck and boost modes highlights the superior performance of 
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the FLC in terms of response time, stability, and robustness. In buck mode, the FLC achieves 

a significantly faster rise time (0.38 ms vs. 1.66 ms) and a much shorter settling time (1 ms 

vs. 10 ms) compared to the PI controller, while also demonstrating high robustness to voltage 

sag. Similarly, in boost mode, the FLC outperforms the PI controller with a lower overshoot 

(14.38% vs. 19.4%) and a drastically reduced settling time (15 ms vs. 77 ms), making it more 

responsive to setpoint changes. Despite these enhancements, both controllers maintain steady-

state accuracy with minimal error, particularly the PI controller, which can be beneficial for 

applications that require precise voltage regulation. Overall, the FLC proves to be a more 

efficient and adaptive control strategy for this bidirectional DC/DC converter, making it 

particularly suitable for applications like EV charging systems. While future research could 

explore its integration with RES to further enhance efficiency and reliability and investigate 

performance under dynamic and real-world operating conditions. 
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