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 A DC-DC converter functioning in bidirectional (two-way) mode is a crucial 

component of direct current (DC) microgrids since it allows electricity to flow 

in both directions. However, because of load changes and other factors, the 

DC-bus voltage might become unstable. This research proposes a robust 

adaptive controller for a half-bridge two-way DC-DC converter founded on 

particle swarm optimization (PSO). Using a DC-DC half-bridge bidirectional 

converter, the effectiveness of various conventional and proposed control 

techniques is investigated. In comparison to a conventional sliding mode 

controller (CSMC), it is found that a PSO-based sliding mode control with an 

adaptive law is the optimal control approach for a bidirectional half-bridge 

DC-DC converter. This is because minimal steady-state error and the shortest 

rising and settling times are guaranteed. The benefits of robustness, chattering 

reduction, and simple design are combined in the suggested controller, which 

is especially beneficial when dealing with load and input voltage changes. The 

controller ensures robustness and stability in the face of parameter changes. 

Numerical simulations conducted in a MATLAB-Simulink environment on a 

DC-DC half-bridge converter operating in bidirectional mode show the 

controller's improved performance over its existing counterpart. 
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1. INTRODUCTION 

Since they make it possible to employ renewable energy sources like wind, sun, and fuel, direct current 

(DC) microgrid installation, control, and exploitation have garnered increasing attention in the world. In 

addition, DC microgrids have several advantages over alternating current (AC) grids, including phase and 

frequency management, minimal conversion times, an easy-to-manage control structure, and the absence of 

reactive power compensation [1], [2]. A possible alternative for energy supply is DC microgrids, which are 

known for their excellent reliability and storage capacity [3], [4]. DC microgrids have many useful features, 

but they still have some drawbacks that need to be addressed, like constant power load (CPL) and pulsed power 

load (PPL) [5], [6]. The tendency of power electronic loads to consume constant power when closely regulated 

leads to negative incremental impedance characteristics, which lower the damping coefficients and create 

instability in the DC bus voltage [7]. The pulsed power load, which has a tendency to draw a large quantity of 

power in a brief length of time, is another problem with DC microgrids. Pulsed power load behavior is 

commonly observed on microgrids, such as those found in electric vehicles, ships, and airplanes. A system 

becomes unstable when a microgrid is moved far from a fixed operational point by a pulsed power load [5], [6]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Additionally, the nonlinear behavior of DC microgrids with CPL poses significant challenges to the 

application of linear control in an effort to regulate the system [8]. The primary components of DC microgrids 

that serve as interfaces between microgrids and energy sources or between two microgrids with varying bus 

voltages are two-way DC-DC converters [5]. Furthermore, power can flow in two directions with bidirectional 

DC-DC converters; nevertheless, there are concerns regarding their regulation inside the DC microgrid. Many 

researchers have developed linear or nonlinear control algorithms in the literature to solve some of these issues 

with DC microgrids that are fed by or receive power from DC power converters. A nonlinear double-integral 

backstepping sliding mode controller was extensively studied and utilized to stabilize the DC bus voltage of a 

DC-DC converter connected to a CPL [9]. The boost converter that feeds CPLs with minimal steady-state 

tracking error and quick transient reactions ensures DC-bus voltage stability even in the face of significant 

disturbances, according to the controller. In order to increase the DC bus voltage stability in a renewable 

energy-based DC microgrid, a two-way DC-DC converter is controlled by a proportional integral (PI) 

controller, which is presented in [10]. However, in the event of parameter fluctuations, a PI controller is not 

robust [11]. A new control approach for DC microgrids feeding a steady power load was developed by the 

authors in [7]. In addition to stabilizing the system as a whole, the buck converter was adjusted to ignore the 

impacts of outside uncertainties and disturbances. A buck converter providing a constant power load was 

suggested to have a strong nonsingular terminal sliding mode control in [1]. They looked into how to stabilize 

the bus voltage in a DC microgrid (MG) that supplies a CPL. In their study, they use a nonsingular terminal 

robust sliding mode controller to stabilize the main DC bus's output voltage. This controller eliminates the 

singularity issue that happens with traditional terminal sliding mode controllers. While two-way DC-DC 

converters feeding CPLs have been the subject of a few studies, one-directional DC-DC converters have 

received the majority of proposed works' attention. 

A resilient sliding mode controller was suggested by the authors in [12] for a two-way DC-DC 

converter that interfaces with a storage unit in a DC microgrid that is dominated by CPLs. The suggested 

controller guarantees tight restrictions on DC bus voltage regulation. The writers of [5] and [13] provide an 

overview of two-way DC-DC converter advanced control techniques in DC microgrids and enumerate the best-

advanced controllers for these types of converters. The review discussed a number of control strategies, each 

with pros and cons, including model predictive control, backstepping control, sliding mode control, passivity-

based control, observer/estimation-based techniques, and intelligent control. A two-way DC-DC converter with 

a dynamic CPL was constructed with sliding mode control (SMC) in [2]. In comparison to the conventional PI 

controller and integral proportional integral derivative (IPID) controller, the suggested controller turned out to 

be more reliable. A continuous-time model predictive control of CPL stability in DC microgrids was designed 

by Alidrissi et al. [14]. Their simulation findings show that they performed well with regard to transient 

responsiveness, stability, and optimal tracking. Model predictive control (MPC) does have a problem with a 

large computational burden. Moreover, the whole plant model was needed for the system design, which might 

not always be available [5]. Because of its unit properties, which include enhanced dynamics and robustness 

for non-linear systems, the SMC stands out as a popular control approach, as described in the literature 

mentioned above. However, when the controller's gains are fixed, SMC experiences chattering problems and 

performs moderately in the presence of significant disturbances.  

In an effort to lessen the chattering effect, its border layer jeopardizes tracking robustness and 

performance [15]. While the second-order SMC provides significant solutions for high-frequency chattering, 

the control system must perform numerical differentiation, which is not always a reliable procedure [16]. 

Kaplan and Bodur [17] proposed an SMC with a supper-twisting algorithm for a step-down converter with 

CPL. Previous works have focused on using different techniques of optimization to ameliorate the performance 

of the SMC in DC-DC power converters. Among the methods for optimization are particle swarm optimization, 

genetic algorithms, and honey bee optimization algorithms [18], [19]. Although the particle swarm 

optimization (PSO) algorithm has demonstrated its worth as an optimization tool in several DC-DC power 

converters, its application is limited to half-bridge DC-DC converters operating in bidirectional modes with 

adaptive sliding mode control (ASMC) [20], [21]. 

This paper proposes a PSO for bidirectional DC-DC converter feeding resistance and CPL based on 

ASMC management with a modified sliding surface. By enabling the output voltage to remain constant at the 

targeted CPL power values, the suggested controller will ensure robustness and stability for the DC microgrid. 

Numerical simulation is used to implement the suggested controller in a MATLAB-Simulink context. The 

following are this paper's main contributions: 

- To control the bus voltage in a half-bridge two-way DC-DC converter used in DC microgrid applications, 

a sliding mode controller with an adaptive law enhanced by particle swarm optimization (ASMCPSO) was 

proposed.  

- It has been demonstrated that sliding mode control exists and is stable. 
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- Using numerical simulation in a MATLAB-Simulink environment, the controller's performance has been 

verified. 

- The controller’s robustness has been demonstrated under wide variations in source voltage, CPL power, 

and reference voltage in buck as well as boost modes of operation. 

This paper continues as follows for the remainder of: i) The bidirectional DC-DC converter topology 

under consideration, along with its mathematical modeling, is provided in section 2; ii) The design of the 

suggested controller and the SMC are covered in section 3; iii) The proposed controller and the conventional 

sliding mode controller's simulation results are explained and contrasted in section 4; and iv) This paper 

concludes with a discussion of potential future directions in section 5. 
 

 

2. METHODOLOGY 

2.1. Description of the adopted methodology 

In order to design an ideal control solution for a two-way DC-DC converter, this research takes a 

thorough and methodical approach. Figure 1 shows block diagram, which graphically depicts the 

methodological structure, and provides a clear and succinct summary of the whole procedure. Using numerical 

simulations and implementations in the environment of MATLAB/Simulink, we verify the stability and 

efficacy of the suggested control systems. We can model, analyze, and optimize complicated control systems 

with this simulation platform's flexible and potent toolkit, which enables us to thoroughly assess the 

effectiveness of our suggested solutions in a range of operational scenarios. The procedure starts with a 

thorough mathematical modeling of the adopted converter that takes into consideration its two different 

operating modes, boost, and buck. This modeling stage is essential because it establishes the framework for 

comprehending the behavior of the dynamic system and pinpointing the crucial variables that affect its 

functionality. We design the controllers for each mode of operation after the modeling stage. We painstakingly 

designed these controllers to address specific issues related to the converter's nonlinear dynamics. The next 

step after design is optimization when sophisticated methods like particle swarm optimization are used to adjust 

the controller parameters for the best results. Ultimately, the regulated system is put into practice within the 

environment of MATLAB/Simulink through extensive testing in a variety of scenarios. These tests enable us 

to fully examine the system's capabilities by varying the source voltage, CPL, and the desired output voltage. 
 

 

 
 

Figure 1. A thorough explanation of the research methods 
 

 

2.2. Description of a DC microgrid 

Research is being done on a two-way DC-DC converter, which is one of the key components of a DC 

microgrid that supplies CPLs. The basic design of a DC microgrid that supplies both DC and alternating current 

(AC) loads is shown in Figure 2. In the meantime, Figure 3 shows the analogous circuit of a half-bridge two-

way DC-DC converter that can function in both boost and buck modes when fed CPL. A battery or storage 

unit, a two-way DC-DC converter that connects the grid and the battery, and a DC microgrid make up the 

system. The objective is to have the two-way DC-DC converter run in both boost and buck modes while 

maintaining a steady DC bus voltage. The battery absorbs and stores excess power from the distributed power 

source. The storage unit discharges to keep the DC microgrid's power balance when the grid's electricity is 

insufficient [2]. 
 

2.3. Modelling of bidirectional DC-DC converter 

References [12] provide the structure of the two-way DC-DC converter supplying the CPLs that need 

to be modeled and managed. Figure 3 illustrates the equivalent circuit schematic of the converter based on the 

two modes of operation: Figure 3(a) for buck mode and Figure 3(b) for boost mode, respectively. The 

equivalent circuit of the converter used for charging and discharging the battery is presented in Figure 3 because 

the switches are complementary, meaning that when one is on, the other is off, and vice versa [12]. As a result, 

the control input d is designed as d ∈ {0,1} when it is on and off, respectively. In this system, the converter 

lowers the DC bus voltage to charge the battery and increases the battery voltage to supply the loads connected 

to the DC bus. A resistance linked in parallel to a CPL represents the load in each mode. Buck mode as in (1) 

and boost mode as in (2), which can be found in [22], provide the average mathematical model of the circuit 

for each mode of operation when source internal resistances are disregarded. 
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𝑑𝐼𝐿

𝑑𝑡
 =  d𝑉𝑖𝑛 − 𝑉𝐶2

𝐶2
𝑑𝑉𝐶2

𝑑𝑡
= 𝐼𝐿 −

𝑉𝐶2

𝑅
−

𝑃𝐿

𝑉𝐶2

 (1) 

 

{
L

𝑑𝐼𝐿

𝑑𝑡
 = −(1 −  d)𝑉𝐶1

− 𝑉𝐵𝑎𝑡

𝐶1
𝑑𝑉𝐶1

𝑑𝑡
= (1 − 𝑑)𝐼𝐿 −

𝑉𝐶1

𝑅
−

𝑃𝐿

𝑉𝐶1

 (2) 

 

Figure 2 shows 𝑉𝑖𝑛 is the voltage from the DC microgrid supplying the converter, 𝐼𝐿  denotes the 

current in the inductor, 𝑉𝐶1
 and 𝑉𝐶2

 are the voltages across the capacitors 𝐶1 and 𝐶2 respectively of the converter 

operating in step-up and step-down modes. R stands for the resistive load and 𝑃𝐿  represents the steady or 

constant power load on the low and high voltage sides. The voltage across the capacitor is identical to the 

output voltage in each mode of operation. 

 

 

 
 

Figure 2. Typical DC microgrid system architecture 
 

 

  
(a) (b) 

 

Figure 3. Equivalent circuit of two-way DC-DC converter: (a) buck mode and (b) boost mode 

 

 

2.4. Constant power load 

Through the half-bridge, two-way DC-DC converter, the DC bus is directly connected to the load in 

the DC microgrid, with the power taken by the load being constant, which is considered a CPL as found in 

[22]. It is perceived that when the power drawn by the load is constant, the voltage increases while the current 

reduces, which leads to nonlinear behavior and necessitates a non-linear controller. 𝐼𝑃𝐿=
𝑃𝐿

𝑉𝐶2

 or 𝐼𝑃𝐿=
𝑃𝐿

𝑉𝐶1

 

depending of the mode of operation. 

 

 

3. CONTROLLERS DESIGN 

3.1. Sliding mode controller design for charging (buck) mode of operation 

The generic SMC law, as stated in reference [22] and given in (3), is provided by adopting a switching 

function appropriate for this system that guarantees reachability and the presence of a sliding mode controller. 
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𝑑 =
1

2
(1 + 𝑆𝑖𝑔𝑛(𝑆)) = 𝑓(𝑥) = {

1, 𝑖𝑓 𝑆 > 0
0, 𝑖𝑓 𝑆 < 0

 (3) 

 

Adopting a sliding surface from [21] given by (4). 

 

𝑆𝑏𝑢𝑐𝑘=𝐾1𝑥1 + 𝑥2 (4) 

 

Where 𝐾1 is the gain of the SMC. Considering 𝑉𝐶2
 as the actual output voltage and 𝑉𝑟𝑒𝑓  as the desired output 

voltage, the corresponding state variables 𝑥1and 𝑥2 may be expressed as (5). 

 

𝑥1 = 𝑉𝑟𝑒𝑓 − 𝑉𝐶2
, 𝑥2 =

𝑑𝑥1

𝑑𝑡
=  −

𝑑𝑉𝐶2

𝑑𝑡
= −

𝐼𝐶2

𝐶2
 (5) 

 

The time derivative of (4) may be given by 𝑆̇ = 𝐾1𝑥1̇ + 𝑥2̇ with (6). Substituting (6) into (7), we obtain (8). 

 

𝑥2 = 𝑥1̇ =
𝑑𝑉𝑖𝑛−𝑉𝐶2

𝐿
 but 𝑥1 = 𝐼𝐿 = ∫

𝑑𝑉𝑖𝑛−𝑉𝐶2

𝐿
𝑑𝑡 (6) 

 

𝑥2 = −
𝐼𝐿

𝐶2
+

𝑉𝐶2

𝑅𝐶2
+

𝑃𝐿

𝑉𝐶2𝐶2
 (7) 

 

𝑥2 = −
1

𝐶2
(∫

𝑑𝑉𝑖𝑛−𝑉𝐶2

𝐿
𝑑𝑡) +

𝑉𝐶2

𝑅𝐶2
+

𝑃𝐿

𝑉𝐶2𝐶2
 (8) 

 

Deriving (8), we get (9). 

 

𝑥2̇ =  
𝑉𝐶2

𝐿𝐶2
− 𝑑

𝑉𝑖𝑛

𝐿𝐶2
+

𝐼𝐶2

𝑅𝐶2
2 −

𝑃𝐿

𝑉𝐶2
2𝐶2

2 𝐼𝐶2
 (9) 

 

The equivalent control law is obtained by solving 𝑆̇ = 0, this brings us to (10) and (11). 

 

𝑑𝑒𝑞 = 
𝐿

𝑉𝑖𝑛
[−𝐾1 +

1

𝑅𝐶2
−

𝑃𝐿

𝐶2𝑉𝐶2
2] 𝐼𝐶2

+
𝑉𝐶2

𝑉𝑖𝑛
 (10) 

 

But, as in (10), with 𝑑𝑛 = 𝑆𝑖𝑔𝑛(𝑆) 

 

𝑑 = 𝑑𝑒𝑞 + 𝑑𝑛 (11) 

 

3.2. ASMC design for charging mode of operation. 

The adaptive sliding surface law is chosen as found in [20] by (12). 

 

𝑀 = 𝑆 + 𝛾tanh (𝑆) ∫ 𝑆𝑑𝑡
𝑡

0
 (12) 

 

𝑀̇ = 𝑆̇ + 𝛾𝑆 as being the derivative of the modified sliding surface as further defined in (13) and by substituting 

(9) in (13) brings us to (14). 

 

 

𝑀 =̇ 𝐾1𝑥1̇ + 𝐾2𝑥2̇ + 𝛾𝐾1𝑥1 + 𝛾𝑥2 (13) 

 

𝑀 =̇  𝐾1 𝑥2 +
𝑉𝐶2

𝐿𝐶2
 − 𝑑

𝑉𝑖𝑛

𝐿𝐶2
 +

𝑥2

𝑅𝐶2
 + 

𝑃𝐿𝑥2

𝑉𝐶2
2𝐶2

+ 𝛾 𝐾1 𝑥1 +𝛾 𝑥2 (14) 

 

By solving 𝑀̇ = 0 to obtain the equivalent control given in (15). 

 

𝑑𝑒𝑞 = 
𝐿𝐶2

𝑉𝑖𝑛
[(𝐾1  −

1

𝑅𝐶2
 +  

𝑃𝐿

𝑉𝐶2
2𝐶2

+ 𝛾)𝑥2  +  
𝑉𝐶2

𝐿𝐶2
 +  𝛾𝑥1𝐾1] (15) 

 

The (16) provides the discontinuous portion of the suggested sliding mode control law. 

 

𝑑𝑛 = 𝐾2tanh (𝑀) (16) 
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However, 𝛾 =
𝐼𝑜

 𝑉𝐶2𝐶2
; but 𝐼𝑜 = 𝐼𝑃𝐿

+ 𝐼𝑅, in order to minimize chattering, as inspired by reference [22] the 

control law is selected as (17). 

 

𝑑 = 𝑑𝑒𝑞 + 𝐾3tan (𝑆) (17) 

 

Then the adaptive control law becomes (15) and (18). 

 

𝑑 = 𝑑𝑒𝑞  +𝐾2tanh (𝑀) (18) 

  

 

To ensure conditions on the control law which will move the system states to the sliding manifold such that 

M=0, a candidate Lyapunov function 𝜇 is chosen as given in [23] and defined by (19). 

 

𝜇 =
1

2
𝑀2 (19) 

 

The derivative of the above Lyapunov function with time can be calculated and is given by (20) that is 𝜇̇ <0. 

 

 𝜇 ̇ = 𝑀 𝑀̇ (20) 

 

The (14) and (18) are replaced in (20) to guarantee the system's stability and the attractiveness of M, which 

brings us to (21).  

 

 𝜇 ̇ =M(0 −
𝐾2𝑉𝑖𝑛

𝐿𝐶2
𝑡𝑎𝑛ℎ(𝑆)) =  

𝐾2𝑉𝑖𝑛

𝐿𝐶2
𝑡𝑎𝑛ℎ(𝑆) <0 with 𝑀 >0, where 𝐾2 >0  (21) 

 

This condition can be verified by designing the nonlinear control scheme as 𝑑𝑛 = 𝐾2tanh (𝑆), with  𝜇 ̇  being 

the derivative of 𝜇 respect to time, which must be negatively definite. Hence, the adaptive controller guarantees 

convergence and the stability of the system, according to Lyapunov. 

 

3.3. SMC design for discharging (boost) mode of operation 

Considering 𝑉𝐶1
 represents the actual voltage at the output and 𝑉𝑟𝑒𝑓  the desired voltage at the output 

of the converter operating in boost mode, the corresponding state variables 𝑥1and 𝑥2 may be expressed as (22). 

 

𝑥1 = 𝑉𝑟𝑒𝑓 − 𝑉𝐶1
, 𝑥2 =

𝑑𝑥1

𝑑𝑡
= −

𝑑𝑉𝐶1

𝑑𝑡
= −

𝐼𝐶1

𝐶1
 (22) 

 

Selecting a sliding surface of (23). 

 

𝑆𝑏𝑜𝑜𝑠𝑡 = 𝑘1𝑥1 + 𝑥2 (23) 

 

From (2), we found (24). 

 

𝐼𝐿 = ∫
𝑑̅𝑉𝑖𝑛−𝑉𝐶2

𝐿
𝑑𝑡 (24) 

 

With 𝑑̅ =1−𝑑  

 

The derivative of (22) is given in (25). 

 

But 𝑥2̇ =
𝑑̅𝑉𝐶1

𝐿𝐶1
−

𝑉𝑖𝑛

𝐿𝐶1
+

𝑃𝐿𝑥2

𝑉𝐶1
2𝐶1

−
𝑥2

𝑅𝐶1
 (25) 

 

The derivative of the sliding surface is stated in (26) 

 

𝑆̇ = 𝑘1𝑥1̇ + 𝑥2̇ (26) 

 

The equivalent control is obtained by solving 𝑆̇ = 0 which is given in (27). 
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𝑑𝑒𝑞 =
𝐿𝐶1[𝑘1−

1

𝑅𝐶1
+

𝑃𝐿

𝑉𝐶1
2𝐶1

]𝑥2−𝑉𝑖𝑛+𝑉𝐶1

𝑉𝐶1

 (27) 

 

The (28) gives the duty ratio, 

 

0< 𝑑 =
𝑉𝑐

𝑉𝑟𝑎𝑚𝑝
< 1 (28) 

 

Comparing (27) and (28), the control signal becomes (29), with 𝑉𝑟𝑎𝑚𝑝 = 𝑉𝐶1
. 

 

𝑉𝑐 = 𝐿𝐶1 [𝑘1 −
1

𝑅𝐶1
+

𝑃𝐿

𝑉𝐶1
2𝐶1

] 𝑥2 − 𝑉𝑖𝑛 + 𝑉𝐶1
 (29) 

 

3.4. ASMC design for discharging mode of operation  

In the boost mode of operation, a proportional-integral (PI) type function of the sliding surface is 

adopted from reference [24] and defined as (30). 

 

𝑀 = 𝑆 + 𝜌tanh (𝑆) ∫ |𝑆|𝑑𝑡
𝑡

0
 (30) 

 

Where H is the function of sliding function, ‘tanh’ represents a smooth hyperbolic tangent function, and 𝜌 > 0 

is a scalar. The existence of sliding modes is elaborated in reference [24] as well as more information on the 

adaptive control law. The ASMC of the converter operating in charging mode is obtained by solving 𝑀̇=0. The 

derivative of (30) is defined in (31) 

 

𝑀 =̇ 𝐾1𝑥̇1 + 𝐾2𝑥̇2 + 𝜌𝐾1𝑥1 +  𝜌𝐾2𝑥2 = 0 (31) 

 

The control law becomes (32). 

 

𝑑𝑒𝑞 =  
L𝐶1

𝑉𝐶1

[(𝑘1 −
1

𝑅𝐶1
+

𝑃𝐿

𝑉𝐶1
2𝐶1

+ 𝜌)𝑥2 + 𝑘1𝜌𝑥1] − 𝑉𝑖𝑛 + 1 (32) 

 

The load can be estimated as R= 
𝑉𝐶1

𝐼𝑅
 and the parameter 𝜌 can be tuned according to the load with 𝜌 =

𝐼𝑅

𝑉𝐶1𝐶1
 

making the sliding mode controller to become adaptive to load variation which can further be seen in [24]. 

 

3.5. Optimization of the ASMC gains 

The suggested control law depends on certain control parameters, particularly and, as shown in (10) 

and (15). Therefore, these characteristics should be crucial to the converter's correct and optimal performance 

under the controller's coordination. It is crucial that these parameters be designed as optimally as possible. This 

paper recommends an offline modification utilizing particle swarm optimization to optimally identify these 

values. One popular stochastic optimization approach is PSO [19]. It is a member of the metaheuristics class 

of optimization. PSO has proven to be an effective optimization technique and has been used in many 

engineering and control system applications [21], [25]. As a result, PSO is used to tune and change the gains 

until the ideal time response performance is reached. 

 

 

4. RESULTS AND DISCUSSION 

Within the MATLAB-Simulink environment, a half-bridge, two-way DC-DC converter simulation 

model is constructed. To demonstrate the advantages of the suggested controller over the current controller, 

the charging and discharging modes of the converter and the impact of the control techniques are examined. 

The parameters of the bidirectional half-bridge DC-DC converter and the control techniques are presented in 

Tables 1-3, respectively [26], [27]. The input voltage, power absorbed, and reference voltage are all adjusted, 

in order, to evaluate how robustly the various control techniques hold up. 

The reference is set to 24 volts, and the simulation lasts for 0.1 seconds. The converter is simulated using 

both the suggested controller and the classical sliding-mode controller. The results are shown in Figure 4. It is 

clear that both controllers keep the output voltage consistent with the reference voltage, although the 

recommended controller performs faster than the conventional controller. Figures 3(a) and 3(b) demonstrate how 

much faster the recommended controller is than the traditional one with the converter operating in buck mode. 
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Table 1. Half-bridge two-way DC-DC converter simulation parameters 
Parameters Symbol Value 

Input voltage 𝑉𝑖𝑛 48 V 

Reference voltage 𝑉𝐶2
 24 V 

Inductance L 100 𝜇H 

Capacitance 𝐶1 5 mF 

Capacitance 𝐶2 5 mF 

Switching frequency Fs 20 KHz 

 
 

Table 2. Design parameters of various control 

strategies of buck mode 

Table 3. Design parameters of various control 

strategies of boost mode 
 

CSMC ASMCPSO 

𝑘1 =2500 𝐾1 = 5.2478𝑒3 

𝑘2 =5000 𝐾2 = 1.7724𝑒4 

 

CSMC ASMCPSO 

𝑘1 =3500 𝐾1 = 5.484𝑒3, 3.289𝑒 + 03 

𝑘2 =1000 𝐾2 = 2.3095𝑒4, 5.318e + 03 

 

 

  
(a) (b) 

 

Figure 3. Comparing simulation results of the proposed controller with its conventional counterpart:  

(a) output voltage and (b) load current 
 

 

4.1. Robustness tests by simulation 

A comparative investigation of the performance of non-linear controllers on a two-way DC-DC 

converter is used for verification. This is achieved by testing the controllers' robustness against fluctuations in 

parameters. The CSMC and the recommended controller (ASMCPSO), are the controllers under investigation. 

 

4.1.1. Variation of reference in buck mode (1st scenario) 

In the first scenario, the reference voltage is changed step-by-step from 24 to 20 volts and from 20 to 

30 volts at t=0.04 and t=0.07 seconds, respectively, while the power and input voltage remain fixed. The 

converter is controlled by CSMC and ASMPSO; Figure 4 displays the load current and output voltage data. As 

can be observed, every control structure performs noticeably well in following the reference voltage. However, 

from Figure 4(a), it is evident that the suggested controller responds more quickly to changes in the reference 

voltage. Voltage fluctuations cause the control structures to respond differently; however, the suggested 

controller showed the fastest response time in returning the output voltage of the DC-DC converter to its 

respective reference values. In comparison to the alternative controller, the suggested controller thus attains 

the maximum control tracking accuracy. 
 
 

  
(a) (b) 

 

Figure 4. Comparing simulation results of the proposed controller with its conventional counterpart  

(1st scenario): (a) output voltage and (b) load current 
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4.1.2. Variation of absorbed power in buck mode (2nd scenario) 

In the second scenario, the system is disrupted when the power suddenly changes from one value to 

another. Power supplies for power electronics, or DC-DC converters, typically need to react as fast as possible 

to power fluctuations in the load. The load admits a sudden change from 10 w to 5 w at t=0.03 seconds and 

from 5 w to 20 w at t=0.07 seconds, respectively. Figure 5 displays the step changes in the output power, and 

the simulation results for the different control methods are shown in Figures 6(a) and 6(b). The figures show 

that all control systems perform as the load is changed, with the ASMCPSO outperforming the conventional 

controller as it is capable of removing the negative current as indicated in Figure 4(b). 

 

 

 
 

Figure 5. Step changes in the output power of the converter operating in buck mode 

 

 

  
(a) (b) 

 

Figure 6. Comparing suggested controller simulation results with its conventional counterpart (2nd scenario): 

(a) output voltage and (b) load current 

 

 

4.1.3. Variation of input voltage in buck mode (3rd scenario) 

Figure 7 represents the step changes in the input voltage of the converter operating in buck mode, 

while Figures 8(a) and 8(b) depict the results obtained with the converter controls by the classical and the 

suggested controllers. As shown in Figures 8(a) and 8(b), the third scenario involves setting the reference 

voltage to 24 volts and 10 W CPL. However, the system is susceptible to abrupt changes in input voltage, 

which can range from 48 volts to 40 volts at t = 0.03s and from 40 volts to 60 volts at t = 0.07s. The results 

show the robustness of the two control strategies, as shown in Figure 8, with ASMCPSO surpassing the other 

control strategy in terms of performance stability and speed.  

 

 

 
 

Figure 7. Step changes in the input voltage of the converter operating in buck mode 
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(a) (b) 

 

Figure 8. Comparing simulation results of the proposed controller with its conventional counterpart  

(2nd scenario): (a) output voltage and (b) load current 
 

 

4.1.4. Variation of absorbed power in boost mode (4th scenario) 

In the fourth scenario, the input and reference voltages are fixed, and the converter is now running in 

boost mode. The system is disrupted when the absorbed power changes suddenly from one value to another. 

The power changes from 10 watts to 5 watts at t = 0.02 seconds and from 5 watts to 20 watts at t = 0.06 seconds. 

The output voltage simulation results for the different control strategies are illustrated in Figure 9(a). 

Figure 9(b) represents the performance of all the control strategies, where the ASMCPSO performs better than 

the other controller when the load is adjusted. 
 

 

  
(a) (b) 

 

Figure 9. Comparing simulation results of proposed controller with its conventional counterpart: (a) variation 

of absorbed power (4th scenario) and (b) variation of input voltage (5th scenario) 
 
 

4.1.5. Variation of input voltage in boost mode (5th scenario) 

In the fifth scenario, the converter operates in boost mode, setting the output at 10 watts and the 

reference voltage at 48 volts. However, the system is susceptible to abrupt changes in input voltage, which 

occur at t = 0.04 and t = 0.08 seconds, respectively, going from 24 volts to 20 volts and 20 volts to 30 volts. 

ASMCPSO outperforms the other control technique in terms of performance stability and speed, as shown in 

Figure 9(b), which illustrates the robustness of the two control strategies. Tables 4 and 5 present a comparison 

of the results obtained from CSMC and ASMCPSO. 

 

 

Table 4. Comparison of results obtained from 

CSMC and ASMCPSO in buck mod  
Simulations 𝑉𝑖𝑛 = 48 𝑉, 𝑉𝑟𝑒𝑓 = 24 𝑉, 𝑃 =

10 𝑊 𝑡𝑜 20 𝑊 𝑎𝑡 0.07 𝑠  

Control strategy CSMC ASMCPSO 

Settling time (ms) 3.4 1.7 

Rise time (ms) 1 0.9 
Overshoot (%) 0 0 

IAE 0.02714 0.01612 

ISE 0.6208 0.2883 
SSE 0.0003529 7.669e-5 

 

Table 5. Comparison of results obtained from 

CSMC and ASMCPSO in boost mode 
Simulations 𝑉𝑖𝑛 = 24 𝑉, 𝑉𝑟𝑒𝑓 = 48 𝑉, 𝑃 =

10 𝑊 𝑡𝑜 20 𝑊 𝑎𝑡 0.03 𝑠  

Control strategy CSMC ASMCPSO 

Settling time (ms) 10.9 10.5 

Rise time (ms) 7.72 7.72 
Overshoot (%) 0 0 

IAE 0.183 0.1818 

ISE 4.993 4.993 
SSE 0.04115 0.00583 

 

 

 

5. CONCLUSION 

This study examined the instability of a two-way DC-DC converter with a resistive and CPL caused 

by negative incremental impedance. Conventional linear controllers are not able to stabilize such power 
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electronic devices. In order to stabilize a two-way DC-DC converter feeding a resistive and CPL, this work 

proposes an ASMC with a modified sliding surface based on particle swarm optimization. The ASMCPSO for 

stabilizing a bidirectional DC-DC converter feeding a resistive in parallel with a constant power demand has 

been validated by MATLAB/Simulink simulations. For additional validation of the suggested controller 

performance, simulation results under various reference voltage, input voltage, and absorbed power variations 

have been conducted. According to the observed results, DC microgrids can be stabilized by the ASMCPSO 

even in the presence of considerable changes in supply voltage and absorbed power. However, a PID or other 

conventional linear controller cannot provide this performance. The suggested controller will be put into 

practice later on to confirm the simulated outcomes. Furthermore, as distinct investigations are conducted in 

this work, a unified controller will be built to manage battery charging and discharging in DC microgrids. 
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